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IDENTIFICATION AND QUALIFICATIONS

Q. Please state your name, position, and business address.

A. My name is Elizabeth A. Stanton, PhD. | am the Director and Senior Economist of

the Applied Economics Clinic, 44 Teele Avenue, Somerville, Massachusetts 02144,

Q. On whose behalf are you testifying?

A. | am testifying on behalf of the Sierra Club.

Q. Have you previously testified before the Florida Public Service Commission?

A. No.

Q. Please summarize your professional and educational experience, and attach a

current copy of your curriculum vitae.

A. I am an economist with more than 16 years of experience conducting research and
analysis on behalf of a variety of government and non-governmental clients. | have
authored more than 120 reports, policy studies, white papers, journal articles, and
book chapters on topics related to energy and the economy. | currently serve as the
Director of the Applied Economics Clinic, a non-profit consultancy focused on the
electric sector and housed at Tufts University. The Applied Economics Clinic
provides expert testimony, analysis, modeling, policy briefs, and reports for groups

on the topics of energy, environment, consumer protection, and equity.

In my previous position as a Principal Economist at Synapse Energy Economics, | led

studies examining cost-benefit analyses and environmental regulation. | have
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submitted expert testimony and comments in Illinois, Vermont, New Hampshire,

Massachusetts, and several federal dockets.

| earned my Ph.D. in economics at the University of Massachusetts-Ambherst, and
have taught economics at Tufts University, the University of Massachusetts-Amherst,
and the College of New Rochelle, among other schools. My curriculum vitae is

attached to this testimony as Exhibit EAS-1.

Il. INTRODUCTION AND SUMMARY OF TESTIMONY

Q. What are the topics of your testimony?

A. My testimony focuses on Issue 2 in this docket: “Is it in the consumers’ best interest
for the utilities to continue natural gas financial hedging activities?”? Specifically, |
discuss the important role that generation diversity plays in reducing ratepayer
exposure to volatility in fuel markets. I review current and historical generation
diversity in Florida and present an illustrative “what if” analysis detailing what would
have happened if the extra $6.9 billion of ratepayer money spent on financial hedging

had instead been invested in renewables and energy efficiency.
Q. What are your overall conclusions?

A. 1 conclude that Florida’s investor owned utilities (IOUs) could effectively limit their
exposure to volatile natural gas markets by diversifying their resource mixes to
include more renewables and by decreasing electricity demand through energy

efficiency investments. My conclusion is based on a simple illustrative analysis that

1 Order No. PSC-17-0239-PCO-El at 4.



10

11

12

13

14

15

16

17

18

19

20

21

considers the impact of investing the $6.9 billion in ratepayer dollars lost on financial
hedges over the past ten years in solar and energy efficiency over the same period; a

review of relevant literature; and my own knowledge and expertise.

While generation diversity is a well-accepted method of reducing consumer’s
exposure to fuel price volatility, the IOUs have not evaluated its viability as a risk
reducing measure. Indeed, Florida’s resource mix is notably less diverse than most
other U.S. states. In 2016, Florida derived 66 percent of its electricity from natural
gas, compared to a national average of 43 percent.? Florida’s natural gas reliance was
greater than that of all but four states, two of which are members of larger regional
grid operators and therefore have access to electricity from a more diverse set of

generators.’

Since 1990, Florida’s utilities have quintupled their investment in natural gas
generating capacity from 8,613 to 45,487 megawatts (MW). In 2016, Florida had
45,487 MW of natural gas capacity and only 330 MW of solar. That is 137 MW of
gas for every 1 MW of solar. Yet, Florida has an enormous latent potential to build
out its solar generation and reduce demand through energy efficiency. My simple
analysis illustrates the important benefits to ratepayers of doing so. Specifically, my
analysis indicates that ratepayers would have reduced their dependence on natural gas
by approximately 8 percent and saved a corresponding $6.6 billion in avoided fuel
costs had the 10Us spent the money they lost on financial hedges on renewables and

energy efficiency instead.

2 See infra Section IV.
3 See infra Figure 3.
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Q. What sources have you relied upon in this testimony?

A. | have focused on the 10Us filings related to annual hedging losses as well as
government and industry publications related to fuel price volatility. | have referenced

the sources relied upon in my testimony and/or attached these sources as exhibits.

FINDINGS AND RECOMMENDATIONS

Q. Please summarize your findings in this case.

A. Based on the information that I reviewed in this docket, the Florida specific analysis
that I present below, my relevant experience and knowledge, and review of
professional literature on fuel price volatility and risk reducing measures, my findings

are as follows:

1. Solar and energy efficiency improve generation diversity and thereby help

reduce fuel price volatility and save customers money;

2. The IOUs have dramatically increased their investments in natural gas generation
while pursuing very low levels of investment in renewables and energy

efficiency;

3. Greater investments in solar and energy efficiency, over the past ten years, would

have yielded extensive customer savings;

4. The IOUs’ failure to diversify their resource mix now renders their customers
more exposed to natural gas price volatility than customers in most other states;

and



1 5. To reduce exposure to natural gas price volatility, the IOUs should instead

2 evaluate and pursue generation diversity, especially through added solar and
3 energy efficiency.
4 Q. What are your recommendations to this Commission?

5 A. Based on these findings, | recommend that the Commission find that continuing the

6 exclusive use of financial hedges to control customer exposure to natural gas price
7 volatility is not in the consumers’ best interest. The Commission should not
8 reauthorize the use of financial hedges until it is presented with a detailed assessment
9 of alternative ways to limit the risk from fuel price volatility. Solar generation
10 provides electricity without any fuel costs and efficiency reduces the amount of
11 natural gas required. As such these resources reduce ratepayers’ vulnerability to
12 fluctuations in natural gas prices.

131V. GENERATION DIVERSITY IS A STANDARD MEASURE TAKEN TO
14 REDUCE THE RISK OF FUEL PRICE VOLATILITY

15 Q. What is fuel price volatility?

16  A. Fuel price volatility is the degree to which fuel prices change over time. A volatile fuel

17 price is one that experiences relatively large changes over relatively short periods of
18 time (in contrast to a price that remains at a steady level or changes at a steady,

19 gradual rate). More formally, as defined by the U.S. Energy Information

20 Administration (EIA):

21 The term “price volatility” is used to describe price fluctuations of a

22 commodity. Volatility is measured by the day-to-day percentage difference
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in the price of the commodity. Volatility provides a measure of price

uncertainty in markets.*
Q. What are the impacts of fuel price volatility?

A. Volatile fuel prices expose electric consumers to unplanned periods of high prices that
often coincide with periods of high electric demand. EIA’s definition of fuel price

volatility continues:

When volatility rises, firms may delay investment and other decisions or
increase their risk management activities. The costs associated with such

activities tend to increase the costs of supplying and consuming gas.®

Q. What factors increase exposure to fuel price volatility and the severity of its

impacts?

A. Many factors influence exposure to fuel price volatility. The main factor within the
IOUs control is the degree of their reliance on a single volatile fuel for generating
electricity. As the EIA acknowledges, “the natural gas market is subject to significant
fluctuations in the level of volatility.”® Increased reliance on natural gas therefore
increases exposure to volatility. An electric utility that relies on natural gas for 100
percent of its owned or contracted generation has a greater exposure to unplanned
periods of high gas prices than does an electric utility that is only reliant on gas for 10

percent of its generation.

4 Natural Gas Weekly Update Archive (Oct. 22, 2003), U.S. Energy and Information Administration,
https://www.eia.gov/naturalgas/weekly/archivenew_ngwu/2003/10_23/.

5 1d.

5 1d.
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Q. Have natural gas prices faced by Florida’s electric generators been volatile?

A. Yes, gas prices in Florida track national trends which have historically exhibited high
levels of volatility.

Figure 1. Henry Hub Natural Gas Spot Prices (2016)’
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In addition, the EIA acknowledges past volatility in the price of natural gas and

incorporates volatility into its projections of future gas prices.®

Q. Are future natural gas prices expected to continue to demonstrate volatility?

" Figure 1 was derived from EIA data. FPL Witness Gerard J. Yupp produces an essentially identical graph
in his testimony. See Exhibit GJY-1.

8 U.S. Energy Information Administration, Short-Term Energy Outlook Supplement: Energy Price
Volatility and Forecast Uncertainty (Oct. 2009),
https://www.eia.gov/outlooks/steo/special/pdf/2009_sp_05.pdf.

7
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A. Yes. Natural gas prices are expected to continue to exhibit volatile characteristics.
Utility trade groups have acknowledged that “natural gas prices continue to be hard to
predict, prone to multiyear cycles, strongly seasonal, and capable of significant

spikes. The root causes of these price dynamics are not going away anytime soon.”®

Q. What measures have the 10Us taken to manage gas price volatility?

A. According to the Commission’s 2002 Hedging Order, PSC-02-1484-FOF-EI, Florida’s
utilities have used financial mechanisms to reduce exposure to natural gas price
volatility. The evolution of financial hedging natural gas prices in Florida is described
in further detail in the testimony of Staff witness Mark Anthony Cicchetti filed in

Docket No. 16001-El.

Q. How much have Florida’s utilities lost on these risk-reducing measures over the

past ten years?

A. From 2007 through 2016 FPL, DEF, and TECO lost a net $6.9 billion on financial

hedging mechanisms.°
Q. What measures do the 1OUs propose to manage gas price volatility in the future?

A. DEF, FPL and TECO have proposed to continue relying on financial mechanisms to

hedge against the risk of natural gas price increases. While the mechanics of their

% Lawrence Makovich, et al., The Value of U.S. Power Supply Diversity. IHS Energy at 6 (July 2014),
http://www.energyxxi.org/sites/default/files/USPowerSupplyDiversityStudy.pdf. Attached hereto as
Exhibit EAS-2.

1 Data derived from the IOUs responses to Sierra Club’s First Set of Interrogatories, Interrogatory No. 4.

8



1 proposed approach are still undefined further description is available in the IOUs’

2 direct testimony presented in this docket.!

3 Q. How does financial hedging impact ratepayers?

4  A. Financial hedges expose ratepayers to increased costs with only a limited benefit.

5 While the practice of natural gas price hedging insures against the risk of

6 unexpectedly high costs, it creates its own set of risks and passes on additional costs

7 to the ratepayers. In doing so, it may lessen the incentive for the IOUs to take other

8 prudent actions to reduce fuel price exposure.

9 In a 2003 article in Utilities Policy, Ken Costello of the National Regulatory Research
10 Institute (which was founded by the National Association of Regulatory Utility
11 Commissioners) described this flaw in fuel price hedging as a “moral hazard.”
12 Costello explains that utility commissions’ approval of hedging expenses “would
13 exonerate a utility from accountability for its actions in executing a [] hedging plan
14 [thus approved by the commission]. In effect, opponents of [commissions’ advanced
15 approval of hedging plans] have argued that firming a commission’s commitment up-
16 front to a particular hedging plan may magnify the incentive (moral hazard) problem
17 arising from the principal-agent relationship between a commission and a utility.” In
18 other words, because the utilities have more information than do utility commissions
19 about fuel prices and their risks, hedging puts the utilities in the position to request

11 See generally Direct Testimony of Joseph McCallister, Docket No. 20170057; Direct Testimony of
Gerard J. Yupp, Docket No. 20170057, Direct Testimony of J. Brent Caldwell, Docket No. 20170057.

9
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and receive approval for actions (such as investment in new natural gas generating

resources) that may benefit the utilities’ shareholders but not their ratepayers.?

Essentially, as long as the price of gas is hedged, utilities have little incentive to
invest in resource diversity or otherwise protect customers from fuel price spikes.
Hedging stabilizes effective fuel prices and the IOUs benefit from that stability
without having to worry about the price paid for such certainty. The cost of hedging is
ultimately borne by the ratepayers and will not impact directly on the utilities’ bottom

lines or their stockholders’ returns.

Q. Are other measures available to reduce ratepayers’ exposure to risk from fuel

price volatility?

A. Yes, the risks and impacts of fuel price volatility can be limited by enhancing

generation diversity. Generation diversity is a “hedge” against fuel price volatility.
Q. How does generation diversity reduce customer exposure to fuel price volatility?

A. Enhanced generation diversity and reduced reliance on fuels with volatile prices
reduce risk and limit potential impacts of unforeseen spikes in natural gas prices.
Increased diversity reduces the gross amount of any single fuel purchased by the

utility. Diversification has been acknowledged as a successful tool for limiting risk.

Regulators and utilities should pursue diversification of utility portfolios, adding

energy efficiency, demand response, and renewable energy resources to the

12 Ken Costello, Should commissions pre-approve a gas utility’s hedging activities?, 11 Utilities Policy
185, 185 (2003). Attached hereto as Exhibit EAS-3.

10
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portfolio mix. Including a mix of supply and demand-side resources, distributed
and centralized resources, and fossil and non-fossil generation provides important
risk management benefits to resource portfolios because each type of resource
behaves independently from the others in different future scenarios. In the other
direction, failing to diversify resources, “betting the farm” on a narrow set of
large resources, and ignoring potentially disruptive future scenarios is asking for

trouble.1®

Q. Have other jurisdictions acknowledged the role that diversity plays in insulating

customers from volatile fuel markets?

A. Yes, for example PJM and New York SO have both released analyses on the risks
of over reliance on a single fuel. PJM’s 2017 Evolving Resource Mix and System
Reliability Report explains that generation and fuel diversity mitigate the risk
associated with design failures, address fuel price volatility and fuel supply

disruptions, and insulate against instability from weather and supply-side shocks.

PJM recognizes that the benefits of fuel mix diversity include the ability to

withstand equipment design issues or common modes of failure in similar

13 Ronald J. Binz, et al., CERES, Practicing Risk-Aware Electricity Regulation: What Every State
Regulator Needs to Know at 12 (April 2012) available at http://www.raponline.org/wp-
content/uploads/2016/05/ceres-binzsedano-riskawareregulation-2012-apr-19.pdf. Attached as Exhibit EAS-
4,

14 PJM is the regional transmission organization (RTO) overseeing wholesale electricity markets across
Delaware, lllinois, Indiana, Kentucky, Maryland, Michigan, New Jersey, North Carolina, Ohio,
Pennsylvania, Tennessee, Virginia, West Virginia, and D.C. Who We Are, PJM.com,
http://www.pjm.com/about-pjm/who-we-are.aspx. The New York Independent System Operator (ISO)
manages the flow of wholesale electricity throughout New York State. About NYISO, New York
Independent System Operator, https://home.nyiso.com/.

11
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resource types, fuel price volatility, fuel supply disruptions and other

unforeseen system shocks. ..

Fuel diversity in the electric system generally is defined as utilizing
multiple resource types to meet demand. A more diversified system is
intuitively expected to have increased flexibility and adaptability to: 1)
mitigate risk associated with equipment design issues or common modes
of failure in similar resource types, 2) address fuel price volatility and fuel
supply disruptions, and 3) reliably mitigate instabilities caused by weather
and other unforeseen system shocks. In this way, fuel diversity can be
considered a system-wide hedging tool that helps ensure a stable, reliable

supply of electricity.™

Similarly, a 2008 study of fuel diversity by the New York ISO and Analysis Group
concluded that increased generation diversity leads to less price volatility and

improved reliability:

Maintaining and improving fuel diversity in New York will likely to lead
to less volatile electric prices, improved reliability and positive
environmental impacts. It is essential that public policy makers and the
NYISO confront the risks that are posed by inadequate fuel diversity.
Market forces should be harnessed and planning principles should be

utilized to encourage signals that will lead to support for the protocols and

15 PIM Interconnection, PJM’s Evolving Resource Mix and System Reliability at 6-8 (March 30, 2017),
http://www.pjm.com/~/media/library/reports-notices/special-reports/20170330-pjms-evolving-resource-
mix-and-system-reliability.ashx. Attached hereto as Exhibit EAS-5.

12
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technologies necessary to move New York towards an optimum fuel

diversity profile.®

Q. Have the risk reducing benefits of generation diversity been acknowledged by

governmental institutions?

A. Yes. As a 2015 study published by the Lawrence Berkeley National Laboratory and
U.S. Department of Energy states “by offering flat or even declining prices in real
dollar terms over long periods of time, solar (and wind) power can provide long-term

hedge against the risk of rising fossil fuel prices.”*’

In 2008, a study by the Commission for Environmental Cooperation—a collaborative,
intergovernmental organization representing the United States, Canada and Mexico—
described the potential for renewable energy to serve as a financial “hedge” reducing

exposure to fuel price risk.

In a time of fuel price fluctuation, the use of renewable energy may offer,
along with environmental benefits, greater stabilization of electricity costs.
The pricing volatility of fossil fuels, along with the difficulty of forecasting
fossil fuel prices, puts energy customers and providers at risk from
fluctuating energy rates. As an alternative, this paper explores the potential

for renewable energy to serve as a financial “hedge,” reducing exposure to

16 Susan Tierney, et al., New York Independent System Operator, Fuel Diversity in the New York
Electricity Market at 35 (October 2008), available at
http://www.nyiso.com/public/webdocs/media_room/publications_presentations/White_Papers/White_Paper
s/fuel_diversity 11202008.pdf. Attached hereto as Exhibit EAS-6.

17 Mark Bolinger and Joachim Seel, Lawrence Berkeley National Laboratory, Utilitiy Scale Solar 2014:An
Empirical Analysis of Project Cost, Performance, and Pricing Trends in the United States at 35 (September
2015). Attached hereto as Exhibit EAS-7.

13
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fuel price risk. Renewable energy generation brings with it the price
stability benefits of free-fuel generation from emerging technologies such
as solar, wind, small hydro, and geothermal sources. Renewable energy
costs tend to be stable or decreasing over time, compared to rising or

fluctuating costs for fossil fuel. 18

Q. Have electric utilities acknowledged the risk reducing benefits of generation

diversity?

A. Yes. A 2014 study of the benefits of power supply diversity commissioned by the
Edison Electric Institute together with the Nuclear Energy Institute and the U.S.
Chamber of Commerce found that utilities experienced a reduced exposure to fuel
price volatility when they relied on a more diverse mix of fuels and technologies.*®
This study referred to generation diversity as “the most cost-effective tool” for
managing risk in electric generation costs and found cost reductions associated with

greater resource diversity:

Engineering and economic analyses consistently show that an integration
of different fuels and technologies produces the least-cost power
production mix. Power production costs change because the input fuel
costs— including for natural gas, oil, coal, and uranium—change over

time. The inherent uncertainty around the future prices of these fuels

18 Dan Lieberman and Siobhan Doherty, Commission for Environmental Cooperation, Renewable Energy
as a Hedge Against Fuel Price Fluctuation: How to Capture the Benefits at 4, (2008), available at
http://www.cec.org/islandora/en/item/2360-renewable-energy-hedge-against-fuel-price-fluctuation-en.pdf.
Attached hereto as Exhibit EAS-8.

19 Makovich, Exhibit EAS-2.

14



translates into uncertainty regarding the cost to produce electricity, known
as production cost risk. A diversified portfolio is the most cost-effective
tool available to manage the inherent production cost risk involved in

transforming primary energy fuels into electricity.

The best available tool for managing uncertainty associated with any single

fuel or technology is to maintain a diverse power supply portfolio.?

In addition, the Electric Power Research Institute (EPRI)—which includes in its
membership the vast majority of U.S. electric utilities—released a 2015 analysis of

generation and fuel diversity describing how a lack of diversity can lead to exposure
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to fuel price volatility, and discussing the importance of generation diversity in

resource planning.

If companies and regions have a strong reliance on only one or two fuels
for power generation, this situation can lead to large swings in electric
prices if the dominant fuel exhibits large price volatility... Wind and solar
resources typically have no fuel cost, which automatically implies low fuel
price volatility. Typically, natural gas not only costs more to generate a
MWh of output than doing so with wind or solar, but natural gas prices
have been highly volatile throughout recent history as a fuel for power

generation

Currently, capacity additions in the U.S. electric industry are dominated by

natural gas-fired generators and renewable power plants. The amount of

2d. at 5-6

15
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natural gas based power plants being developed, and the dominance of new
natural gas-fired capacity, has raised concerns among company executives,
power planners and regulators. These concerns center on the extent to
which the industry is “putting too many of its eggs into one basket.” In
more rigorous terms, some industry participants are questioning whether
the amount of natural gas based power generation being added to the

current generation fleet is leading to a lack of generation diversity.?*

Q: Is generation diversity a standard measure taken to reduce the risk of fuel price

diversity?

A. Yes, based on my own experience in this field and the information that I reviewed and
described above, generation diversity is a standard measure taken to reduce the risk of

fuel price diversity.

V. FLORIDA’S HEAVY RELIANCE ON GAS EXPOSES ITS RATEPAYERS TO
FUEL PRICE VOLATILITY

Q. What is the current composition of generation resources in Florida?

A. In 2016, Florida’s electric generation included 66 percent natural gas, 17 percent coal,

12 percent nuclear, and just 4 percent of other resources.

21 Electric Power Research Institute, Thinking about Generation Diversity—Part 2: Electric Power Plant
Asset Portfolio Valuation and Risk, at 2-3, 5 (March 2015). Attached hereto as Exhibit EAS-9.

16
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Figure 2. Florida’s 2016 Electric Capacity and Generation Mix??
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Q. How does Florida’s reliance on natural gas expose ratepayers to fuel price
volatility?

A. In 2016, 66 percent of Florida’s electric generation came from the state’s natural gas
generators. This means that two-thirds of Florida’s generation is vulnerable to natural

gas price volatility.
Q. How much of each of the IOUs’ electricity is generated from natural gas?
A. According to EIA data, in 2016:%3

e DEF: 73 percent of total generation from natural gas

e FPL: 74 percent of total generation from natural gas

22 Charts based on EIA Data.
23 Data reproduced here from EIA 2016 Form 923.
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e TECO: 56 percent of total generation from natural gas
Q. How does Florida’s reliance on natural gas generation capacity compare to that

of other U.S. states?

A. As reflected in Figure 2 below, only four states have a higher share of their capacity
invested in natural gas generation: Delaware, Louisiana, Mississippi, and Rhode
Island. Of these, Delaware and Rhode Island are each part of highly integrated ISO
regions with far lower total concentrations of natural gas generation; these small
states get their generation, and corresponding generation diversity, from the larger
multi-state region around them. Delaware and Rhode Island can access the larger
multi-state region’s diverse composition of generation and thus are not captive to
natural gas price volatility. Accordingly, Florida is an outlier when compared to other

states’ reliance on gas for electricity generation.

Q. How does Florida’s reliance on gas in terms of actual generation compare to that

of other U.S. states?

A. By percent of generation, Florida’s reliance on natural gas is also 66 percent, again
higher than all but four states: Delaware, Mississippi, Nevada, and Rhode Island (see

Figure 5 below).
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Figure 3. Reliance on Natural Gas Generating Capacity (% of MW) By State?*
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Figure 5. Reliance on Natural Gas Generation (% of Mwh) By State?®

100%

90%

o Ms

70%

FL

60%

50%

40% AL
GA
us

30% NC

20%

SC
TN
10% KY
0%
O N NV D P o A D S N A D O P A X S OB N DD OB 6 0

O .&q"@a R @QQ'PQ @Q '190 ,@Q @&@Q @Q @o @Q '90 f&'\ '\9\ "'\ q'\ '@x '»Q\ '19\
Figure 6. Reliance on Renewable Gene ration (% of Mwh) By State?’
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

g us
0% mmmpo=e®= e | NC
FL

A D DD NG KD ®
qqgt»@g&q &\qq@q@qqqqqge@eemmce

«
S
¥ I A A

26 Based on EIA Forms 860 and 923 data.
27 Based on EIA Forms 860 and 923 data.

20



10

11

Q. How has Florida’s reliance on natural gas for electric generation changed over

time?

A. The share of Florida’s electricity generated with natural gas has more than quintupled
since 1990 from 8,613 MW to 45,487 MW of capacity. Since 2002, when the
Commission first authorized the utilities to financially hedge natural gas prices, the

state’s reliance on natural gas has more than doubled.

Q. Overall, how does Florida’s generation and fuel diversity compare to other

states?

A. As shown in Figure 7 (which includes both distributed and utility-scale renewables)
Florida’s dependence on natural gas stands out both in comparison to the U.S. total

and in comparison to most of its neighbors in the Southeast region.
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Q. How has Florida’s electricity mix changed in the past fifteen years?

A. Since 2002, Florida’s dependence on natural gas has more than doubled conversely its
reliance on zero-fuel renewables, and solar in particular, has lagged far behind the

state’s potential.

V1. FLORIDA’S IOUS HAVE ONLY MADE LIMITED INVESTMENTS IN
RENEWABLES AND ENERGY EFFICIENCY.

Q. What is Florida’s potential for renewable generation?2®

A. The National Renewable Energy Laboratory’s (NREL) 2012 review of U.S. renewable
energy potential found that Florida has nearly 2.96 million MWs of potential
renewable generation capacity. Solar represents 2.90 million MWs of capacity with
the remainder from geothermal and off-shore wind. The solar potential identified by
NREL for Florida includes 49,000 MW for distributed rooftops, 40,000 MW for
urban utility-scale, and 2.81 million MW for rural solar farms.®® My testimony
focuses on Florida’s solar potential because those resources far exceed the state’s

potential for other forms of renewable energy.

Q. How does Florida’s investment in renewable resources compare to that of other

states?

A. Florida’s renewable generating capacity as a share of its total capacity is the fifth

lowest among all states (see

2 Throughout this testimony, unless indicated otherwise, the term renewables refers to resources like solar
that require no fuel input.

30 Anthony Lopez, et al., NREL, U.S. Renewable Energy Technical Potentials: GIS-Based Analysis, (July
2012). Attached hereto as Exhibit EAS-10.
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Figure 4 above). Florida currently has 502 MW of total solar photovoltaic generation, no
wind generation, and 54 MW of hydroelectric generation. Florida’s total share of
generation from renewables is also very small compared to other states (see Figure 6
above). Only five states had a smaller share of generation from renewables than

Florida in 2016.

Q. Is Florida’s potential for renewable generation being fully utilized?

A. No. Florida has developed only 502 MW of its potential 2.90 million MWs of solar
generation. This means that Florida is using less than 2/100ths of 1 percent of its solar

potential.

Q. What is Florida’s potential for energy efficiency?

A. Energy efficiency refers to the set of measures and policies that allow electric
consumers to use less energy while achieving a similar level or quality of services.
Energy efficiency measures are typically one of the least cost resources that electric
utilities can employ to reduce customer costs. In Florida, more energy efficiency
means lower electric sales, displacing generation and fuel purchases for natural gas,
and lower monthly bills for ratepayers. EPRI’s 2014 study of U.S. energy efficiency
potential found 19 percent of Florida’s retail sales could be saved through efficiency

measures. 3!

31 Electric Power Research Institute, U.S. Energy Efficiency Potential Through 2035, tbl. B-2 (2014),
available at https://www.epri.com/#/pages/product/000000000001025477/. Attached hereto as Exhibit
EAS-11.
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Q. How does Florida’s investment in energy efficiency compare to that of other

states?

A. The American Council for an Energy-Efficient Economy’s (ACEEE) 2016 State
Energy Efficiency Scorecard ranked Florida 25" among all states. Florida’s 2015
annual incremental efficiency savings amounted to 0.1 percent of the state’s retail
electric sales. Sixteen states saved more than 1 percent (or ten times the amount saved
in Florida) of electric sales through annual incremental increases to efficiency in

2015; three states saved more than 2 percent.
Q. Is Florida fully utilizing its renewable and energy efficiency resources?

A. No, based on my own experience in this field and the information that I reviewed and
described above, Florida’s investment in renewables and energy efficiency has lagged

far behind its buildup of natural gas resources.

VII. AN ALTERNATIVE, LOWER-COST SOLUTION: INVESTING IN
RENEWABLES AND ENERGY EFFICIENCY TO REDUCE GAS USE AND
THE ASSOCIATED RISK OF FUEL PRICE VOLATILITY
Q. How will investing in renewables and energy efficiency reduce customers’

exposure to volatile fuel prices?

A. Investing in renewables and energy efficiency would enhance Florida’s generation
diversity and, as a consequence, reduce the electric consumers’ vulnerability to fuel

price volatility and upward pressure on rates. Much of an electric consumer’s utility

32 Weston Berg, et al., American Council for an Energy-Efficient Economy, The 2016 State Energy
Efficiency Scorecard, (September 2016). Attached hereto as Exhibit EAS-12.
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bill goes towards paying for the generation that makes their electricity. The costs to
consumers depend on the particular resources chosen to supply the generation and
how much each resource costs. Typically energy efficiency measures and resources
like solar generation that have very low per kilowatt-hour costs are “must run”: these
resources are the first chosen to run and/or run automatically without being selected
by the electric grid operator. For this reason, efficiency and renewables push out or
“displace” other generating resources that are more costly to run on a per kilowatt-
hour basis. More efficiency and renewable generation means less dispatch of natural

gas (and other thermal generation), and therefore cost savings from avoided fuel use.

Q. How much of the consumers’ money have Florida’s electric utilities lost as a

result of past hedging of natural gas prices?

A. From 2007-2016 DEF, FPL, and TECO registered cumulative hedging losses of $6.9
billion (summed in nominal dollars).®® This means that had DEF, FPL, and TECO not
engaged in hedging on the price of natural gas, their customers would have paid $6.9

billion less on their electric bills from 2007 through 2016.

Q. Is it possible to estimate the impacts that would have occurred if Florida’s
utilities had spent ratepayers’ money on renewables and efficiency instead of

financial hedges?

A. Yes. The impacts of alternative investments of the $6.9 billion in lost hedging

payments can be estimated in several ways, including detailed, formal modeling.

33 Data derived from the IOUs responses to Sierra Club’s First Set of Interrogatories, Interrogatory No. 4.
Losses over that period were registered as follows: DEF: $2.0 billion; FPL: $4.2 billion; TECO: $0.4
billion.
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Here, | performed a simple illustrative analysis to give a preliminary estimate of

possible impacts.

Q. What did your illustrative analysis of alternative investment of Florida

ratepayers’ $6.9 billion reveal?

A. To summarize, I found that if ratepayers’ money had been spent on renewables and

energy efficiency instead of financial hedges for the last ten years, it would have been
possible to reduce Florida’s expenditures on natural gas for electric generation by 8
percent while passing $6.6 billion in savings along to consumers in their electric bills.
On average over the past 10 years, a $1 investment in renewables and efficiency
would have returned $0.95 in fuel savings. (For comparison, each $1 investment in

fuel-price hedges over this period returned $0 to consumers.)

My analysis looked only at savings from fuel not purchased. An 8 percent reduction
in natural gas generation would also secure additional savings from avoided power
plant operation and maintenance, and could potentially make capital expenditures on
repairs or replacement generation unnecessary. These additional savings could further
increase the return on each dollar of renewable and energy efficiency investment. A

detailed explanation of my illustrative analysis is presented below.

Q. How did you perform your illustrative analysis?

A. I performed a “what if” exercise as a simple, illustrative spreadsheet analysis to

estimate the impacts of investing the amount of funds customers lost due to the IOUs’
hedging from 2007 through 2016 in renewables and efficiency. In this “what if”
analysis Florida’s ratepayers did not pay for any fuel price hedging:
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e | chose a ten-year period for the analysis to provide a simple example that would
be consistent for all utilities. The last ten years for which | had natural gas price

data were 2007 through 2016.

e [ assumed that Florida’s $6.9 billion in hedging losses were spent one-half on
solar energy and one-half on energy efficiency. | chose solar energy as the source
of all renewable energy investment in this illustration because of Florida’s
tremendous untapped solar potential. Likewise, | chose energy efficiency as a
component because Florida has ample opportunity to achieve greater energy

efficiency improvements. Further—for simplicity—I assumed that this spending

10

11

12

13

14

15

16

17

was structured in the manner of ten-year purchase-power agreements. As a result,
$350 million was spent each year from 2007 through 2016 on purchasing solar

generation and $350 million was spent each year on energy efficiency.

At $110 per megawatt-hour (MWh) (chosen as a levelized cost of solar in 2007,
the year in which the purchase-power agreement would be contracted),3* $350
million buys 3.2 million MWHh of solar generation each year. Annual generation
of 3.2 million MWh of solar is approximately equal to 1,500 megawatts of

capacity at a 25 percent capacity factor.®®

3 Today’s solar prices are lower, and expected future solar prices are lower still. For example, in 2015 the
Jacksonville Electric Authority received quotes as low as $59/MWh in response to a request for proposals
issued for solar PPAs. Jacksonville Electric Authority, 2015 Solar RFP — Phase 2 Summary at 1, June 10,
2015, available at https://www.jea.com/About/Procurement/Bid_Results/Solar_2015 -

_June_11, 2015.aspx. Attached hereto as Exhibit EAS-13. Since then, total solar installation costs have
dropped over 20 percent while national solar module prices have fallen over 30 percent. U.S. Department
of Energy, Q4 2016/Q1 2017 Solar Industry Update at 21, 48, April 25, 2017, available at
http://www.nrel.gov/docs/fy170sti/68425.pdf. Attached hereto as Exhibit EAS-14.

3 The 25 percent capacity factor chosen for this illustration is conservative; a higher capacity factor would
yield even greater savings.
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At $35 per MWHh,3¢ $350 million buys 10.0 million MWh of energy efficiency
savings each year (this could also be thought of as a $3.5 billion incremental
energy efficiency investment in 2007 with no additional investment in 2008 to

2016).

Together these investments displace 13.1 million MWh of natural gas generation
each year—that’s 6 percent of Florida’s 2016 electric sales. Put another way,
using the assumption that natural gas generation is “on the margin” in Florida—
and, therefore, the first type of generation not to run in the event that new,
additional generation is available or sales are reduced: 13.1 million MWh of
renewables and efficiency savings make 13.1 million MWh of natural gas

generation unnecessary.

This displaced natural gas generation relieves Florida’s electric customers of the
need to purchase 101 to 107 trillion cubic feet of natural gas each year (the
amount depends on the average efficiency of the plants, which changes over
time) and reduces their vulnerability to natural gas price volatility. In 2016, 101
trillion cubic feet of natural gas was 9 percent of Florida’s total natural gas

purchases.

3 This value is ACEEE’s levelized cost of saved energy for energy efficiency from 2007.
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e The savings to electric customers is the number of cubic feet avoided multiplied
by the price of natural gas to Florida’s electric generators (which also changes
over time).3” Overall, applying my analysis described above, from 2007 to 2016,
spending $6.9 billion on renewables and efficiency saves $6.6 billion on natural

gas purchases.

e Arguably, still more money could have been saved in avoided operations and
maintenance and avoided capital expenses on major improvements to or
replacement of older plants; these additional savings are not included in the

estimates presented here.

Overall, investing the $6.9 billion hedging losses instead in renewables and efficiency
over the period 2007 to 2016 would have reduced the state’s dependence on natural
gas for electricity generation by 9 percent and provided consumers with $6.6 billion

in savings.

In this “what if” analysis, each investment in renewables and efficiency during the
2007 to 2016 period has an out-of-pocket cost of about 5 percent (the other 95 percent
is returned to consumers in fuel price savings). For a cost of 5 cents on the dollar,

vulnerability to natural gas price volatility is reduced.

In contrast, every $1 spent on financial hedging losses returned $0 to the ratepayers.

37 Natural gas prices for this analysis were derived from the reference case for EIA’s Annual Energy
Outlook for 2017.
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Q. Are there any alternative, lower-cost solutions to reduce gas use and the

associated risk of fuel price volatility other than financial hedging?

A. Yes, based on the analysis outlined above, alternative, lower-cost solutions to reduce

natural gas use and the associated risk of fuel price volatility are available.

VIll. CONCLUSION

Q. What are the key findings of your testimony?

A. Based on the information that I reviewed in this docket, the Florida specific analysis
that I present below, my relevant experience and knowledge, and review of
professional literature on fuel price volatility and risk reducing measures, my findings

are as follows:

e Solar and energy efficiency improve generation diversity and thereby help

reduce fuel price volatility and save customers money;

e The IOUs have dramatically increased their investments in natural gas generation
while pursuing very low levels of investment in renewables and energy

efficiency;

e Greater investments in solar and energy efficiency, over the past ten years, would

have yielded extensive customer savings.

e The IOUs’ failure to diversify their resource mix now renders their customers
more exposed to natural gas price volatility than customers in most other states;

and
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e To reduce exposure to natural gas price volatility, the I0Us should instead
evaluate and pursue generation diversity, especially through added solar and
energy efficiency.

Q. What are your recommendations do you offer in this docket?

A. Based on these findings, | recommend that the Commission find that continuing the
exclusive use of financial hedges to control customer exposure to natural gas price
volatility is not in the consumers’ best interest. The Commission should not
reauthorize the use of financial hedges until it is presented with a detailed assessment
of alternative ways to limit the risk from fuel price volatility. Solar generation
provides electricity without any fuel costs and efficiency reduces the amount of
natural gas required to meet demand. As such these resources reduce ratepayers’
vulnerability to fluctuations in natural gas prices. At the same time, solar and

efficiency provide lasting benefits to customers.

Q. Does this conclude your testimony?

A. Yes it does.
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Social Cost of Carbon. Prepared by Synapse Energy Economics for the Environment,
Economics and Society Institute.

Luckow, P., E. A. Stanton, B. Biewald, J. Fisher, F. Ackerman, E. Hausman. 2013. 2013
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Ackerman, F., E. A. Stanton. 2011. The Last Drop: Climate Change and the Southwest Water
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Stockholm Environment Institute-U.S. Center Report funded by the Kresge Foundation.

Bueno, R., E. A. Stanton. 2011. Casting DICE for 350 ppm. Stockholm Environment Institute-
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Stanton, E. A., F. Ackerman. 2010. Emission Reduction, Interstate Equity, and the Price
of Carbon. Prepared by Stockholm Environment Institute-U.S. Center Economics for
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Stanton, E. A., F. Ackerman. 2008. Generated User Benefits and the Heathrow Expansion:
Understanding Consumer Surplus. Prepared by Stockholm Environment Institute-U.S. Center
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Water Local, a project of the Massachusetts Riverways Program, Commonwealth of
Massachusetts.
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Paper N0.06-05.)

Ackerman, F., E. A. Stanton, B. Roach, A. S. Andersson. 2008. “Implications of REACH for
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Stanton, E. A. 2016. Testimony Regarding the National Grid Analysis of Economic Benefits of
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Executive summary

Engineering and economicanalyses consistently show thatanintegration of different fuels and technologies
produces the least-cost power production mix. Power production costs change because the input fuel costs—
including for natural gas, oil, coal, and uranium—change over time. The inherent uncertainty around the
future prices of these fuels translates into uncertainty regarding the cost to produce electricity, known as
production cost risk. A diversified portfolio is the most cost-effective tool available to manage the inherent
production cost risk involved in transforming primary energy fuels into electricity. In addition, a diverse
power generation technology mix is essential to cost-effectively integrate intermittent renewable power
resources into the power supply mix.

The current diversified portfolio of US power supply lowers the cost of generating electricity by more than
$93 billion per year, and halves the potential variability of monthly power bills compared to a less diverse
supply. Employing the diverse mix of fuels and technologies available today produces lower and less volatile
power prices compared to a less diverse case with no meaningful contributions from coal and nuclear
power and a smaller contribution from hydroelectric power (see Figure ES-1). In this less diverse scenario,
called the reduced diversity case,
wind and solar power make up
(up from about 7% in the base Wind_Solar Other
case) and 22.5% of generation; 4.3% 02% 1.5% Hydro
hydroelectric power capacity 01% o.0%
decreases from about 6.6% to
5.3% and represents 3.8% of
generation; and natural gas-

fired power plants account 26.0%
for the remaining 61.7% of
installed capacity and 73.7% of
generation.

FIGURE ES-1

Coal
40.4%
Power supply in the reduced
diversity case increases average
wholesale power prices by about
75% and retail power prices
by 25%. Energy production
costs are a larger percentage
of industrial power prices, and
many industrial consumers buy
power in the wholesale power market. Thus a loss of power supply diversity will disproportionally affect
the industrial sector. These higher electricity prices impact the broader US economy by forcing economic

Nuclear
Source: IHS Energy 20.2% ©2014 IHS
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adjustments in production and consumption. If the US power sector moved from its current diverse
generation mix to the less diverse generating mix, power price impacts would reduce US GDP by nearly $200
billion, lead to roughly one million fewer jobs, and reduce the typical household’s annual disposable income
by around $2,100. These negative economic impacts are similar to an economic downturn. Additional
potential negative impacts arise from reducing power supply diversity by accelerating the retirement of
existing power plants before it is economic to do so. For example, a transition to the reduced diversity case
within one decade would divert around $730 billion of capital from more productive applications in the
economy. The size of the economic impact from accelerating power plant turnover and reducing supply
diversity depends on the deviation from the pace of change dictated by the underlying economics.

Maintaining and preserving a diverse US power supply mix is important to consumers for two reasons:
e Consumers reveal a strong preference for not paying more than they have to for reliable electricity.

e Consumers reveal preferences for some degree of predictability and stability in their monthly power
bills.

The economic benefits of diverse power supply illustrate that the conventional wisdom of not putting all
your eggs in one basket applies to power production in much the same way as it does to investing. This is the
portfolio effect. In addition, diversity enables the flexibility to respond to dynamic fuel prices by substituting
lower-cost resources for more expensive resources in the short run by adjusting the utilization of different
types of generating capacity. This ability to move eggs from one basket to another to generate fuel cost
savings is the substitution effect. Looking ahead, the portfolio and substitution effects remain critically
important to managing fuel price risks because of the relative fuel price dynamics between coal and natural
gas.

The shale gas revolution and restrictions on coal are driving an increased reliance on natural gas for power
generation and provide strong economic benefits. However, this past winter demonstrated the danger of
relying too heavily on any one fuel and that all fuels are subject to seasonal price fluctuations, price spikes,
and deliverability and infrastructure constraints. The natural gas price spikes and deliverability challenges
during the past winter were a jolt for a number of power systems that rely significantly on natural gas in
the generation supply. These recent events demonstrated that natural gas deliverability remains a risk and
natural gas prices continue to be hard to predict, prone to multiyear cycles, strongly seasonal, and capable
of significant spikes. The root causes of these price dynamics are not going away anytime soon. The best
available tool for managing uncertainty associated with any single fuel or technology is to maintain a
diverse power supply portfolio.

Maintaining power supply diversity is widely supported—the idea of an all-of-the-above approach to the
energy future is supported on both sides of the aisle in Congress and at both ends of Pennsylvania Avenue.
Four decades of experience demonstrate the conclusion that government should not pick fuel or technology
winners, but rather should create a level playing field to encourage the economic decisions that move the
power sector toward the most cost-effective generation mix.

Maintaining a diverse power supply currently is threatened by three emerging trends:

e Awareness. The value of fuel diversity is often taken for granted because United States consumers
inherited a diverse generation mix based on decisions from decades ago.

July 2014 6 © 2014 IHS
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e Energy policy misalignment. Legislation and regulatory actions increasingly dictate or prohibit
fuel and technology choices. The resulting power supply is increasingly at odds with the underlying
engineering/economic principles of a cost-effective power supply mix.

o Power marketgovernance gridlock. Market flaws produce wholesale power prices that are chronically
too low to produce adequate cash flows to support and maintain investments in a cost-effective power
generation mix. This “missing money” problem is not being addressed in a timely and effective way
through the stakeholder governance processes found in most power markets. As a result, the loss of
power supply diversity is accelerating because too many power plants are retiring before it is economic
to do so. Consequently, they will be replaced with more costly sources of supply.

US power consumers are fortunate to have inherited a diverse power supply based on fuel and technology
decisions made over past decades. Unfortunately, the current benefits of US power supply diversity are
often taken for granted. This undervaluation of power supply diversity means there is no counterweight
to current pressures moving the United States toward a future generation mix without any meaningful
contribution from nuclear, coal, or oil and a diminished contribution from hydroelectric generation.!

The United States needs to consider the consequences of a reduced diversity case involving no meaningful
contribution from nuclear, coal-fired, or oil-fueled power plants, and significantly less hydroelectric power.
Areduced diversity case presents a plausible future scenario in which the power supply mix has intermittent
renewable power generation capacity of 5.5% solar, 27.5% wind, and 5.3% hydro and the remaining 61.7% of
capacity is natural gas—fired power plants. Comparing the performance of current US power systems to this
possible reduced diversity case provides insights into the current nature and value of diversity in the US
generation mix.

[HS Energy assessed the current value of fuel diversity by using data on the US power sector for the three
most recent years with sufficient available data: 2010 through 2012. IHS Energy employed its proprietary
Power System Razor (Razor) Model to create a base case by closely approximating the actual interactions
between power demand and supply in US power systems. Following this base case, the Razor Model was
employed to simulate the reduced diversity case over the same time period. The differences between the
base case and the reduced diversity case provide an estimate of the impact of the current US power supply
fuel and technology diversity on the level and variance of power prices in the United States. These power
sector outcomes were fed through to the IHS US macroeconomic model to quantify the broader economic
impacts of the resulting higher and more varied power prices along with the shifts in capital deployment
associated with premature retirements that accelerate the move to the reduced diversity case.

The difference between the base case and the reduced diversity case is a conservative estimate of the value
of fuel diversity. The portfolio and substitution values would be greater over a longer analysis time frame
because uncertainty and variation in costs typically increase over a longer time horizon. In addition, the
estimate is conservative because it excludes indirect feedback effects from a higher risk premium in the
reduced diversity power supplier cost of capital. This feedback is not present because the analysis alters only
the generation capacity mix and holds all else constant. This indirect cost feedback would increase capital
costs in this capital-intensive industry and magnify the economic impact of current trends to replace power
plants before it is economic to do so by moving shifting capital away from applications with better risk-
adjusted returns.

The United States is at a critical juncture because in the next decade the need for power supply to meet
increased customer demands, replace retiring power plants, and satisfy policy targets will require fuel and

1. Oil-fired power plants account for about 4% of US capacity and 0.2% of US generation but can play a critical role in providing additional electricity when the system is
under stress.

© 2014 IHS 7 July 2014
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technology decisions for at least 150 gigawatts (GW)—about 15% of the installed generating capacity in the
United States. However, current trends in energy policy could push that power plant turnover percentage
to as much as one-third of installed capacity by 2030. The implication is clear: power supply decisions made

in the next 10-15 years will significantly shape the US generation mix for decades to come.

The results of this study indicate seven key factors that will shape US power supply diversity in the years

to come:

e Energy policy development. US policy heavily influences the US power supply mix. Implementing an

all-of-the-above energy policy requires properly internalizing the value of fuel diversity.

e Market structure. Market flaws distort wholesale power prices downward and result in uneconomic
retirement and replacement of existing cost-effective generation resources. This issue and any market

structure changes to address it will significantly shape future power plant development.

e Energy policy discourse. Preserving the value of fuel diversity depends on public awareness and
understanding. The extent and nature of public education regarding the value of power supply diversity

may strongly influence public opinion.

o Planningalignment. Alignment of fuel and technology choices for power generation with engineering
and economic principles is critical to efficient and reliable supply. There is no single fuel or technology
of choice for power generation, and all forms of power production have economic, environmental, and

reliability impacts.

o Risk assessment. To incorporate system considerations into plant-level decisions, prudent fuel price

uncertainties must be used with probabilistic approaches to decision making.

o Flexibility. Flexibility and exemptions in rule making and implementation allow for the balancing
of costs and benefits in power supply systems and may help preserve highly valuable diversity in

systemwide decisions as well as on a small but impactful individual plant scale.

e Scope. Including fuel price risk and additional storage and transportation infrastructure costs is crucial
when evaluating reduced diversity scenarios in comparison to the cost of maintaining and expanding

fuel diversity.

July 2014 8 © 2014 IHS



Docket No. 20170057-EI
Direct Testimony of Sierra Club Witness Stanton
IHs Enchixhibid BAS-2uPaged ofp56 Diversity

The Value of US Power Supply Diversity

Overview

The power business is customer driven: consumers do not want to pay more than necessary for reliable
power supply, and they want some stability and predictability in their monthly power bills. Giving
consumers what they want requires employing a diverse mix of fuels and technologies in power production.
Employing the diverse mix of fuels and technologies available today produces lower and less volatile power
prices compared to a less diverse case with no meaningful contributions from coal and nuclear power and
a smaller contribution from hydroelectric power. In this less diverse scenario, called the reduced diversity
case, wind and solar power make up one-third of installed capacity (up from about 7% in the base case) and
22.5% of generation; hydroelectric power capacity decreases from about 6.6% to 5.3% and represents 3.8%
of generation; and natural gas-fired power plants account for the remaining 61.7% of installed capacity and
73.7% of generation.

The current diverse US power supply reduces US consumer power bills by over $93 billion per year compared
to areduced diversity case. In addition, the current diversified power generation mix mitigates exposure to
the price fluctuations of any single fuel and, by doing so, cuts the potential variability of monthly power
bills roughly in half.

Power prices influence overall economic performance. For example, since the recovery of the US economy
began in the middle of 2009, manufacturing jobs in the 15 states with the lowest power prices increased
by 3.3%, while in the 15 states with the highest power prices these jobs declined by 3.2%. This job impact
affected the overall economic recovery. The average annual economic growth in the 15 states with the
lowest industrial power prices was 0.6 percentage points higher than in the 15 states with the highest
power prices.

Higher and more varied power prices can also impactinternational trade. In the past decade, the competitive
position for US manufacturers improved thanks to lower relative energy costs, including the improving US
relative price of electric power (see Figure 1). Although power prices are only one of a number of factors that
influence competitive positions FIGURE 1

in the global economy, there
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directly attributed to the electricity price differential totaled €52 billion for the six-year period from 2008
to 2013.2

Alessdiverse US power supply would make power prices higher and more varied and force a costly adjustment
process for US consumers and businesses. The price increase associated with the reduced diversity case
produces a serious setback to US economic activity. The value of goods and services would drop by nearly
$200 billion, approximately one million fewer jobs would be supported by the US economy, and the typical
household’s annual disposable income would go down by over $2,100. These economic impacts take a few
years to work through the economy as consumers and producers adjust to higher power prices. The eventual
economic impacts are greater if current trends force the closure and replacement of power plants before it is
economic to do so. Regardless of the replacement technology, it is uneconomic to close a power plant when
the costs of continued operation are less than the cost of a required replacement. Premature power plant
turnover imposes an additional cost burden by shifting capital away from more productive applications. A
closure and replacement of all nuclear and coal-fired generating capacity in the next 10 years would involve
roughly $730 billion of investment. An opportunity cost exists in deploying capital to replace productive
capital rather than expanding the productive capital base.

The United States currently faces a key challenge in that many stakeholders take the current benefits
of power supply diversity for granted because they inherited diversity based on fuel and technology
decisions made decades ago. There is no real opposition to the idea of an all-of-the-above energy policy in
power supply. Yet, a combination of factors—tightening environmental regulations, depressed wholesale
power prices, and unpopular opinions of coal, oil, nuclear, and hydroelectric power plants—are currently
moving the United States down a path toward a significant reduction in power supply diversity. A lack of
understanding of power supply diversity means momentum will continue to move the United States toward
a future generation mix without any meaningful contribution from nuclear, coal, or oil, and a diminishing
contribution from hydroelectric generation.

The United States is at a critical juncture because power plant fuel and technology decisions being made
today will affect the US power supply mix for decades to come. These decisions need to be grounded in
engineering, economic, and risk management principles that underpin a cost-effective electric power
sector. Comparing the performance of the current generation mix to results of the reduced diversity case
provides key insights into the current nature and value of diversity. An assessment and quantification of
the value of power supply diversity will help achieve a more cost-effective evolution of US power supply in
the years ahead.

Generation diversity: A cornerstone of cost-effective power supply

If power consumers are to receive the reliable and cost-effective power supply they want, then cost-effective
power production requires an alignment of power supply to power demand. Engineering, economic, and
risk management assessments consistently show that an integration of fuels and technologies produces
the least-cost power production mix. A cost-effective mix involves integrating nondispatchable power
supply with dispatchable base-load, cycling, and peaking technologies. This cost-effective generating mix
sets the metrics for cost-effective demand-side management too. Integrating cost-effective power demand
management capabilities with supply options requires balancing the costs of reducing or shifting power
demand with the incremental cost of increasing power supply. Appendix A reviews the principles of
engineering, economics, and risk management that lead to the conclusion that cost-effective power supply
requires fuel and technological diversity.

2. See the IHS study A More Competitive Energiewende: Securing Germany’s Global Competitiveness in a New Energy World, March 2014.
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The underlying principles of cost-effective power supply produce five key insights:

There is no single fuel or technology of choice for power generation. Reliably and efficiently supplying
consumers with the amounts of electricity they want when they want it requires a diverse generation
mix.

A cost-effective generation mix involves diversity but does not involve maximizing diversity by
equalizing generation shares from all available supply options.

A cost-effective mix of fuel and technologies for any power system is sensitive to the uncertainties
surrounding the level and pattern of consumer power demands as well as the cost and performance of
alternative power generating technologies and, in particular, the delivered fuel prices.

A cost-effective generating mix will differ from one power system to the next because of differences
in aggregate consumer demand patterns as well as in the cost and performance of available generating
options.

The best type of capacity to add to any generation portfolio depends on what types of capacity are

already in the mix.

Power production cost fluctuations reflect inherent fuel price uncertainties

Power consumers reveal preferences for some degree of predictability and stability in their monthly
power bills. These consumer preferences present a challenge on the power supply side because the costs
of transforming primary energy—including natural gas, oil, coal, and uranium—into electric power is
inherently risky. Experience shows that the prices of these fuel inputs to the power sector are difficult to
anticipate because these prices move in multiyear cycles and fluctuate seasonally (see Figure 2). In addition,
this past winter showed that dramatic price spikes occur when natural gas delivery systems are pushed to

capacity (see Figure 3).

The recent volatility in the
delivered price of natural gas
to the US Northeast power
systems demonstrates the
value of fuel diversity. During
this past winter, colder-than-
normal weather created greater
consumer demand for natural
gas and electricity to heat
homes and businesses. The
combined impact on natural gas
demand strained the capability
of pipeline systems to deliver
natural gas in the desired
quantity and pressure. Natural
gas prices soared, reflecting
the market forces allocating
available gas to the highest
valued end uses. At some points
in time, price allocation was

© 2014 IHS
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not enough and additional
natural gas was not available at
any price, even to power plants

FIGURE 3

Delivered daily gas prices, November 2013-January 2014
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supply mix proved to be highly
valuable to the Northeast
energy sector despite its production costs and emission rates. Many of these oil-fired power plants are old
and relatively inefficient at converting liquid fuel to power. However, this relative inefficiency does not
impose a great penalty because these power plants need to run very infrequently to provide a safety valve
to natural gas deliverability. Similarly, these units have emissions rates well above those achievable with
the best available technology, but the absolute amount of emissions and environmental impacts are small
because their utilization rates are so low. Although the going forward costs and the environmental impacts
are relatively small, the continued operation of these oil-fired power plants is at risk from tightening
environmental regulations.
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Oil-fired power plants were not the only alternative to natural gas-fired generation this past winter. Coal
played a major role. As the New York Times reported on 10 March 2014, 89% of American Electric Power
Company, Inc.’s 5,573 megawatts (MW) of coal-fired power plants slated for retirement in 2015 owing to
tightening environmental regulations were needed to keep the lights on during the cold snap this past
winter in PJM.3

The critical role fuel diversity played during the recent polar vortex affected power systems that serve
over 40 million US electric consumers and almost one-third of power supply. This widespread exposure to
natural gas price and deliverability risks is becoming increasingly important because the share of natural
gas in the US power mix continues to expand. The natural gas—fired share of power generation increased
from 16% to 27% between 2000 and 2013. Twelve years ago, natural gas—fired generating capacity surpassed
coal-fired capacity to represent the largest fuel share in the US installed generating mix. Currently, natural
gas—fired power plants account for 40% of the US installed capacity mix.

The increasing dependence on natural gas for power generation is not an accident. The innovation of shale
gas that began over a decade ago made this fuel more abundant and lowered both its actual and expected
price. But the development of shale gas did not change the factors that make natural gas prices cyclical,
volatile, and hard to forecast accurately.

Factors driving natural gas price dynamics include

e Recognition and adjustment lags to market conditions

e Over- and under-reactions to market developments

o Linkages to global markets through possible future liquefied natural gas (LNG) trade

e Misalignments and lags between natural gas demand trends, supply expansions, and pipeline
investments

e “Black swan” events—infrequent but high-impact events such as the polar vortex

Natural gas price movements in the shale gas era illustrate the impact of recognition and adjustment lags
to changing market conditions. Looking back, natural gas industry observers were slow to recognize the
full commercialization potential and magnitude of the impact that shale gas would have on US natural
gas supply. Although well stimulation technologies date back to the 1940s, today’s shale gas technologies
essentially began with the innovative efforts of George Mitchell in the Barnett resource base near Fort
Worth, Texas, during the 1980s and 1990s. Mitchell Energy continued to experiment and innovate until
eventually proving the economic viability of shale gas development. As a result, shale gas production
expanded (see Figure 5).

Although shale gas had moved from its innovation phase to its commercialization phase, many in the oil
and gas industry did not fully recognize what was happening even as US shale gas output doubled from
2002 to 2007 to reach 8% of US natural gas production. The belief that the United States was running out of
natural gas persisted, and this recognition lag supported the continued investment of billions of dollars to
expand LNG import facilities (see Figure 6).

3. New York Times. “Coal to the Rescue, But Maybe Not Next Winter.” Wald, Matthew L. 10 March 2014: http://www.nytimes.com/2014/03/11/business/energy-
environment/coal-to-the-rescue-this-time.html?_r=0, retrieved 12 May 2014.
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. FIGURE 5
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between 2002 and 2008. This level of drilling activity created a supply surplus that caused a precipitous
decline of up to 85% in the Henry Hub natural gas price from 2008 to 2012. From the 2008 high count, the
number of US natural gas-directed rigs dropped over fivefold to 310 by April 2014 (see Figure 7).

Natural gas  investment
activity also lagged market

developments. During this [T e
time, the linkage between

1,800

FIGURE 7

North American natural gas
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that expose gas deliverability constraints and launch record-setting delivered price spikes, as happened in
the Northeast in the winters of 2012/13 and 2013/14.

Source: IHS Energy, Baker Hughes ©2014 IHS

The Northeast delivered natural gas price spikes translated directly into dramatic power production cost
run-ups. During the winter of 2013/14, natural gas prices delivered to the New York and PJM power system
border hit $140 per MMBtu (at Transco Zone 6, 21 January 2014) and pushed natural gas-fired power
production costs up 25-fold from typical levels and well beyond the $1,000 per MWh hourly wholesale
power price cap in New York and PJM. This forced the New York Independent System Operator (NYISO) to
allow exemptions to market price caps. The Federal Energy Regulatory Commission granted an emergency
request to lift wholesale power price caps in PJM and New York. Lifting these price caps kept the lights
on but also produced price shocks to 30% of the US power sector receiving monthly power bills in these
power systems. The impact moved the 12-month electricity price index (a component of the consumer price
index) in the Northeast up 12.7%—the largest 12-month jump in eight years.

The New York Mercantile Exchange (NYMEX) futures contract price strip illustrates how difficult it is to
anticipate natural gas price movements. Figure 9 shows the price dynamics over the shale gaseraand periodic
examples of the NYMEX futures price expectations. The NYMEX future price error pattern indicates a bias
toward expecting future natural gas prices to look like those of the recent past. Although these futures
prices are often used as an indicator of future natural gas price movements, they have nonetheless proven
to be a poor predictor.

The complex drivers of natural gas price dynamics continue to apply in the shale gas era. Prudent planning
requires recognition that natural gas price movements remain hard to forecast, affected by multiyear
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FIGURE 8

US lower-48 regasification facilities and filed liquefaction projects
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investment cycles that lag market developments, subject to seasonality, and capable of severe short-run
price volatility.

Natural gas price cycles during the shale gas era and the recent extreme volatility in natural gas prices
are clear evidence that the benefits of increased natural gas use for power generation need to be balanced
against the costs of natural gas’s less predictable and more variable production costs and fuel availability.

The natural gas—fired generation share is second only to the coal-fired generation share. One of the primary
reasons that fuel diversity is so valuable is because natural gas prices and coal prices do not move together.

Significant variation exists in the price of natural gas relative to the price of coal delivered to US power
generators (see Figure 10). The dynamics of the relative price of natural gas to coal are important because

July 2014 16 © 2014 IHS



Docket No. 20170057-EI
Direct Testimony of Sierra Club Witness Stanton
IHs Eddxdyibit BASe 25 Pagevle? ©fp56 Diversity

relative prices routinely change FIGURE 9
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FIGURE 10
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The average equivalency level triggers cost savings from substitution within the generation mix. Current
relative prices frequently move above and below this critical relative price level. Consequently, slight
movements in either coal or natural gas prices can have a big impact on which generation resource provides
the most cost-effective source of generation at any given point in time.

Coal price dynamics differ from natural gas price movements. The drivers of coal price dynamics include
rail and waterborne price shifts, changes in coal inventory levels, and mine closures and openings. In
addition, international coal trade significantly influences some coal prices. For example, when gas prices
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Diversity: The portfolio effect

A diverse fuel and technology portfolio is a cornerstone for an effective power production risk management
strategy. If prices for alternative fuels moved together, there would be little value in diversity. But relative
power production costs from alternative fuels or technologies are unrelated and inherently unstable. As
a result, the portfolio effect in power generation exists because fuel prices do not move together, and
thus changes in one fuel price can offset changes in another. The portfolio effect of power generation fuel
diversity is significant because the movements of fuel prices are so out of sync with one another.
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The “correlation coefficient”isa  TaBLE2
statistical measure of the degree
to which fuel price changes

Delivered monthly fuel price correlations, 2000-13

Coal/natural gas 0.01
are rela}ted to each other. A il gas/muclear 0.35)
correlation coefficient close to  coalnuclear 0.85

zero indicates no similarity in  Sowee s &y

price movements. Correlation

coefficients above 0.5 are considered strong correlations, and values above 0.9 are considered very strong
correlations. Power production input fuel price changes (natural gas, coal, and nuclear) are not highly
correlated and consequently create the basis for a portfolio approach to fuel price risk management (see
Table 2).

Diversity: The substitution effect

A varied portfolio mitigates power production cost risk because fuel diversity provides the flexibility to
substitute one source of power for another in response to relative fuel price changes. Therefore, being able
to substitute between alternative generation resources reduces the overall variation in production costs.

Substitution benefits have
proven to be substantial. In
generation shares for natural

gas-fired generation were 100%
as high as 33% and as low S0% |
as 19%. Similarly, monthly 80% |
generation shares for coal- 70% |
fired generation were as high 60% 1
as 50% and as low as 34%. The S0% |
swings were driven primarily 40% 1
by a costeffective alignment 30% |
of fuels and technologies to 20%
consumer demand patterns 10%
and alterations of capacity 0%
utilization rates in response to
changing relative fuel costs.
Generation shares shifted ENatural gas Coal
toward natural  gas-fired
generation when relative prices
favored natural gas and shifted
toward coal-fired generation
when relative prices favored coal. Figure 12 shows the recent flexibility in the utilization share tradeoffs
between only coal-fired and natural gas-fired generation in the United States.

FIGURE 12

% of coal and gas generation
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Source: IHS Energy © 2014 IHS

Diversity benefits differ by technology

All types of generating fuels and technologies can provide the first dimension of risk management—the
portfolio effect. However, only some types of fuels and technologies can provide the second dimension of
risk management—the substitution effect. Power plants need to be dispatchable to provide the substitution
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effect in a diverse portfolio. As a result, the benefits of expanding installed capacity diversity by adding
nondispatchable resources such as wind and solar generating technologies are less than the equivalent
expansion of power capacity diversity with dispatchable power plants such as biomass, conventional fossil-
fueled power plants, reservoir hydro, and nuclear power plants. Therefore, not all diversity in the capacity
mix provides equal benefits.

Diversity is the best available power cost risk management tool

A diverse portfolio is the best available tool for power generation cost risk management. Other risk
management tools such as fuel contracts and financial derivatives complement fuel and technological
diversity in power generation but fall far short of providing a cost-effective substitute for power supply
diversity.

Contracts are tools available to manage power production cost risk. These tools include short-run contracts,
including NYMEX futures contracts, as well as long-term contracts spanning a decade or more. Power
generators have traditionally covered some portion of fuel needs with contracts to reduce the variance of
delivered fuel costs. To do this, generators balance the benefits of using contracts or financial derivatives
against the costs. With such assessment, only a small percentage of natural gas purchases are under long-
term contracts or hedged in the futures markets. Consequently, the natural gas futures market is only liquid
(has many buyers and sellers)

for a few years out. FIGURE 13

The degree of risk management Power generation delivered gas price versus Henry Hub (plus delivery), 2000—
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higher than the Henry Hub
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SO this Percentage may be Source: IHS Energy, Ventyx Velocity Suite ©2014 IHS

used to approximate a delivery
charge. Figure 13 compares the
Henry Hub spot price plus this typical delivery charge to the reported delivered price of natural gas to power
producers.

A comparison of the realized delivered price to the spot price plus a delivery charge shows the impact
of contracting on the delivered price pattern. Natural gas contracts provided some protection from spot
price highs and thus reduced some variation of natural gas prices compared to the spot market price plus
transportation. Over the past 10 years, contracting reduced the monthly variation (the standard deviation)
in the delivered price of natural gas to the power sector by 24% compared to the variation in the spot price
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plus delivery charges at the Henry Hub. Although fuel contracts are part of a cost-effective risk management
strategy, the cost/benefit trade-offs of using contracts limit the application of these tools in a cost-effective
risk management strategy.

Using a contract to lock into volumes at fixed or indexed prices involves risks and costs. Contracting for fuel
creates volume risk. A buyer of a contract is taking on an obligation to purchase a given amount of fuel, at a
given price, and at a future point in time. From a power generator’s perspective, the variations in aggregate
power consumer demand and relative prices to alternative generating sources make predicting the amount
of fuel needed at any future point in time difficult. This difficulty increases the further out in time the
contracted fuel delivery date. If a buyer ends up with too much or too little fuel at a future point in time,
then the buyer must sell or buy at the spot market price at that time.

Contracting for fuel creates price risk. A buyer of a fuel contract locks into a price at a future point in time.
When the contract delivery date arrives, the spot market price for the fuel likely differs from the contract
price. If the contract price ends up higher than the spot market price, then the contract provided price
certainty but also created a fuel cost that turned out to be more expensive than the alternative of spot
market purchases. Conversely, if the spot market price turns out to be above the contract price, then the
buyer has realized a fuel cost savings.

Past price relationships also illustrate the potential for gains and losses from contracting for natural gas in
an uncertain price environment. When the spot market price at Henry Hub increased faster than expected,
volumes contracted at the previously lower expected price produced a gain. For example, in June 2008 the
delivered cost of natural gas was below that of the spot market. Conversely, when natural gas prices fell
faster than anticipated, volumes contracted at the previously higher expected price produced a loss. For
example in June 2012, the delivered cost of natural gas was above that of the spot market purchases.

The combination of volume and price risk in fuel contracting makes buying fuel under contract a speculative
activity, capable of generating gains and losses depending on how closely contract prices align with spot
market prices. Therefore, cost-effective risk management requires power generators to balance the benefits
of gains from contracting for fuel volumes and prices against the risk of losses.

Managing fuel price risk through contracts does not always involve the physical delivery of the fuel. In
particular, a futures contract is typically settled before physical delivery takes place, and thus is referred
to as a financial rather than a physical hedge to fuel price uncertainty. For example, NYMEX provides a
standard contract for buyers and sellers to transact for set amounts of natural gas capable of being delivered
at one of many liquid trading hubs at a certain price and a certain date in the future. Since the value of
a futures contract depends on the expected future price in the spot market, these futures contracts are
derivatives of the physical natural gas spot market.

The potential losses facing a fuel buyer that employs financial derivatives create a risk management cost.
Sellers require that buyers set aside funds as collateral to insure that potential losses can be covered. Market
regulators want these guarantees in place as well in order to manage the stability of the marketplace.
Recently, as part of reforms aimed at improving the stability of the financial derivatives markets, the Dodd-
Frank Act increased these collateral requirements and thus the cost of employing financial derivatives.

Outside of financial derivatives, fuel deliverability is an important consideration in evaluating power cost
risk management. Currently, naturalgas pipeline expansionrequires long-term contracts to finance projects.
Looking ahead, the fastest growing segment of US natural gas demand is the power sector and, as described
earlier, this sector infrequently enters into long-term natural gas supply contracts that would finance new
pipelines. Consequently, pipeline expansions are not likely to stay in sync with power generation natural
gas demand trends.
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The prospect of continued periodic misalignments between natural gas deliverability and natural gas
demand makes price spikes a likely feature of the future power business landscape. The nominal volume of
long-term fuel contracts and the costs and benefits of entering into such contracts limit the cost-effective
substitution of contracts for portfolio diversity. Therefore, maintaining or expanding fuel diversity remains
a competitive alternative to natural gas infrastructure expansion.

Striking a balance between the costs and benefits of fuel contracting makes this risk management tool an
important complement to a diverse generation portfolio but does not indicate that it could provide a cost-
effective substitute for power supply diversity.

FIGURE 14

US installed capacity (1,063 GW), 2012
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TABLE 3

The impact of fuel diversity: Power production fuel costs

when crafting legislation or
setting regulations.

As a result, the United States
may move down a path toward
a less diverse power supply
without consumersrealizing the
value of power supply diversity
until it is gone. For example, if
the US power sector had been all

(Actual versus all gas generation mix, 2000-13 YTD, cents per kWh)

Henry Hub All power sector fuel costs

Average 5.09 2.29
Maximum 11.02 4.20
Minimum 2.46 1.21
Standard deviation 1.63 0.55

Note: Converted the Henry Hub dollar per MMBtu price to cents per kWh using the average reported heat rate for all operat-
ing natural gas plants in the respective month.
Data source: Ventyx Velocity Suite.

Source: IHS Energy

natural gas-fired during the shale gas era to date, the average fuel cost for power would have been over twice
as high, and month-to-month power bill variation (standard deviation) would have been three times greater
(see Table 3). This estimate itself is conservative because the additional demand from power generation
would have likely put significant upward pressure on gas prices.
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Trends in the US generation mix

The current diverse fuel and technology mix in US power supply did not come about by accident. The US
generation mix evolved over many decades and reflects the fuel and technology decisions made long ago for
power plants that typically operate for 30 to 50 years or more. Consequently, once a fuel and technology
choice is made, the power system must live with the consequences—whatever they are—for decades.

US power supply does not evolve
smoothly. The generation mix
changes owing to the pace of
power plant retirements, the

FIGURE 15

US generating capacity additions and retirements,1950-2013
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supply. Instead, they show that

given the size of the existing

supply base, it takes a number of years of homogenous supply additions to move the overall supply mix a
small proportion. Therefore, altering the overall mix slightly required a number of years of adjustment.

The uneven historical pattern of capacity additions is important because the future pattern of retirements
will tend to reflect the previous pattern of additions as similarly aged assets reach the end of their useful
lives. For example, current retirements are disproportionately reducing the coal and nuclear shares in the
capacity mix, reflecting the composition of power plants added in the 1960s through 1980s. Current power
plant retirements are about 12,000 MW per year and are moving the annual pace of retirements in the next
decade to 1.5 times the rate of the past decade.

Power plant retirements typically need to be replaced because electricity consumption continues to
increase. Although power demand increases are slowing compared to historical trends and compared to the
growth rate of GDP, the annual rate of change nevertheless remains positive. US power demand is expected
to increase between 1.0% and 2.5% each year in the decade ahead, averaging 1.5%.

The expected pace of US power demand growth reflects a number of trends. First, US electric efficiency has
been improving for over two decades. Most appliances and machinery have useful lives of many years. As
technology improves, these end uses get more efficient. Therefore, overall efficiency typically increases as
appliancesand machinery wearoutandarereplaced. Onthe otherhand, the number ofelectricend uses keeps
expandingandthe end-use penetrationrateskeepincreasingowingtoadvancesindigitaland communication
technologies that both increase capability and lower costs. These trends in existing technology turnover
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and new technology adoption  FIGURE 16
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Annual power supply additions do not typically unfold simultaneously with demand increases. Historically,
changes in power supply are much more pronounced than the changes in power demand. This uneven pace
of change in the capacity mix reflects planning uncertainty regarding future power demand and a slow
adjustment process for power supply development to forecast errors.

Future electric demand is uncertain. Figure 18 shows a sequence of power industry forecasts of future
demand compared to the actual demand. The pattern of forecast errors indicates that electric demand
forecasts are slow to adjust to actual conditions: overforecasts tend to be followed by overforecasts, and
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underforecasts tend to be FIGURE 18
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US power demand: Projected versus actual, 1983-2012
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slow because when a surplus
becomes evident, the capital
intensity of power plants creates an accumulating sunk-cost balance in the construction phase of power
supply development. In this case, there is an economic incentive to finish constructing a power plant
because the costs to finish are the relevant costs to balance against the benefits of completion. Conversely,
if a shortage becomes evident, new peaking power plants take about a year to put into place under the
best of circumstances. Consequently, the forecast error and this lagged adjustment process can produce a
significant over/underinstallment of new capacity development versus need. These imbalances can require
a decade or more to work off in the case of a capacity overbuild and at least a few years to shore up power
supply in the case of a capacity shortage.
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The pace and makeup of power plant additions are influenced by energy policies. The current installed
capacity mix reflects impacts from the implementation of a number of past policy initiatives. Most
importantly, 35 years ago energy security was a primary concern, and the energy policy response included
the Fuel Use Act (1978) and the Public Utilities Regulatory Policy Act (1978). These policies limited the
use of natural gas for power generation and encouraged utility construction of coal and nuclear generating
resources as well as nonutility development of cogeneration. Public policy championed coal on energy
security grounds—as a safe, reliable, domestic resource.

The influence of energy policy on power plant fuel and technology choice is dynamic. For example, as
natural gas demand and supply conditions changed following the passage of the Fuel Use Act, the limits on
natural gas use for power generation were eventually lifted in 1987. Whereas the Fuel Use Act banned a fuel
and technology, other policy initiatives mandate power generation technologies. Energy policies designed
to address the climate change challenge created renewable power portfolio requirements in 30 states (see
Figure 19).

As states work to implement renewable generation portfolio standards, the complexity of power system
operations becomes evident and triggers the need for renewable integration studies. These studies generally
find that the costs to integrate intermittent power generation resources increase as the generation share
of these resources increases. Some integration studies go so far as to identify the saturation point for
wind resources based on their operational characteristics. A wind integration study commissioned by the
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FIGURE 19

The outlook for US State RPS demand to 2025—Total demand: State policy and targets
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Source: IHS Emerging Energy Research
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power system operator in New England estimated the saturation point for wind in the power system (24%
generation share) as well as the additional resources that would be needed to integrate more wind resources.*
Similarly, a wind integration study by the power system operator in California found that problems were
ahead for the California power system because the number of hours when too much wind generation was
being put on the grid was increasing. The study noted higher costs were ahead as well because additional
resources would be needed to integrate expected additional wind resources planned to meet the renewable
portfolio requirements in place.” Many of the impacts on the US generation mix from renewable power
portfolio requirements are yet to come as higher generation or capacity share mandates become binding in
many states in the next few years.

The United States is at a critical juncture because current trends in power plant retirements, demand
and supply balances, and public policies are combining to accelerate change in the US generation mix,
as shown in Figure 20. In
2013, increases in demand,
renewable mandates resulted

in around 15,800 MW of 100%
capacity additions. In the S0%
decade ahead, these increasing 80%
needs will require power supply 70%
decisions amounting to 15% 00%
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accelerate changes further. Altogether, changes in US generating capacity in the next two decades could
account for more than one-third of installed capacity.

FIGURE 20

Source: IHS Energy, EIA © 2014 IHS

Threat to power generation diversity: Complacency

Threats to maintaining diversity in power production do not come from opposition to the idea itself, but
rather from the complacency associated with simply taking diversity for granted. The familiar adage of not
putting all your eggs in one basket is certainly aligned with the idea of an all-of-the-above energy policy.
Four decades of experience demonstrates the conclusion that the government should not be picking fuel or
technology winners, but rather should be setting up a level playing field to encourage competitive forces to
move the power sector toward the most cost-effective generation mix. Nevertheless, in a striking contrast,

4. New England Wind Integration Study produced for ISO New England by GE Energy Applications and Systems Engineering, EnerNex Corporation, and AWS Truepower,
5 December 2010. Accessed 16 April 2014 (http://www.uwig.org/newis_es.pdf).

5. “Integration of Renewable Resources: Operational Requirements and Generation Fleet Capability at 20% RPS.” California ISO, 31 August 2010, downloaded from
WWW.caiso.com/2804/2804d036401f0.pdf.
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thevalue of fuel diversity tothe end use consumerisnotinternalizedin current power plant decision making.
A 2013 review of over eighty integrated resource plans (IRPs) found that many reference fuel diversity but
only a few of them refer to it as a risk, and none of them quantify the value of fuel diversity to incorporate
it into the decision process.® Additionally, environmental policy initiatives do not seem to accommodate
diversity issues. Therefore, one power plant decision after another is revealing a de facto energy policy

to move away from oil, coal,
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competitive power generator
cash flows. The missing money
problem in power markets is the latest manifestation of a long-standing problem in a number of industries,
including railroads, airlines, and power, where competitive markets fail to balance demand and supply at
market-clearing prices high enough to support the full cost of supply.

Power markets have a missing money problem because they do not have all of the necessary conditions to
produce a textbook competitive marketplace. The textbook marketplace has suppliers who maximize their
profits by expanding output up to the point where their short-run marginal cost (SRMC) of production
equals the market-clearing price. This means that an aggregation of rival suppliers’ SRMC curves produces
the market supply curve. If this market supply curve intersects the market demand curve at a price too
low to support the full cost of new supply (long-run marginal cost [LRMC]), then suppliers will not expand
productive capacity. Instead, they will meet increases in demand by adding more variable inputs to the
production process with a fixed amount of capacity. However, doing so increases SRMC, and eventually
the market-clearing price rises to the point where it covers the cost of expanding productive capacity. This
produces the textbook market equilibrium where demand and supply are in balance at the unique point
where market-clearing prices are equal to both SRMC and LRMC.

Several characteristics of the technologies that make up a cost-effective power supply create a persistent
gap between SRMCs and LRMCs as production varies. As a result, market-clearing wholesale power prices
are below the level needed to support the full cost of power supply when demand and supply are in balance
with the desired level of reliability.” Consequently, the stable textbook market equilibrium does not exist
in an electric power marketplace.

6. See the IHS Energy Insight Reading the Tea Leaves: Trends in the power industry’s future plans.
7. See the IHS Energy Private Report Power Supply Cost Recovery: Bridging the missing money gap.
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A simple example of a competitive power market made up entirely of rival wind generators illustrates
the missing money problem. The cost profile of wind turbine technologies comprises nearly exclusively
upfront capital costs (LRMCs). SRMCs for wind technologies equal zero because the variable input to the
power production process is wind, and this input is free. In a competitive market, if wind conditions allow
for power production, then rival wind generators will be willing to take any price above zero to provide
some contribution to recovering the upfront capital costs. If there is adequate supply to balance demand
in a competitive marketplace, then rival wind suppliers will drive the market-clearing price to zero. This
is not just a theoretical example. When power system conditions create wind-on-wind competition,
then zero or negative market-clearing prices (reflecting the cost of losing the production tax credit) are
typically observed. Wind generating technologies are a simple and extreme example of a power generating
technology with a persistent gap between SRMCs and LRMCs. But this problem exists to some degree with
other power generation technologies.

This technology-based market flaw means that periodic shortage-induced price spikes are the only way
for market-clearing prices to close the gap between the SRMC and LRMC. This market outcome does not
work because of the inherent contradiction—periodic shortages are needed to keep demand and supply in
balance.

The missing money problem threatens cost-effective power supply because when market-clearing power
prices are chronically too low to support new power plants, then lower expected cash flows at existing
plants cause retirements before it is economic to do so, given replacement costs. It is cost effective to
retire and replace a power plant only when its cost of continued operation becomes greater than the cost
of replacement. Therefore, a market-clearing power price that reflects the full cost of new power supply is
the appropriate economic signal for efficient power plant closure and replacement. Consequently, when
this price signal is too low, power plant turnover accelerates and moves power supply toward the reduced
diversity case.

“Missing money” and premature closing of nuclear power plants

The Kewaunee nuclear plant in Wisconsin is an example of a power plant retirement due to the missing
money problem. Wholesale day-ahead power prices average about $30 per MWh in the Midwest power
marketplace. This market does not have a supply surplus, and recently the Midwest Independent System
Operator (MISO), the institution that manages the wholesale market, announced that it expects to be 7,500
MW short of generating capacity in 2016.® The current market-clearing power price must almost double to
send an efficient price signal that supports development of a natural gas-fired combined-cycle power plant.

The Kewaunee power plant needs much less than the cost of a new plant, about $54 per MWh, to cover
the costs of continued operation. Kewaunee’s installed capacity was 574 MW, and the plant demonstrated
effective performance since it began operation in 1974. The plant received Nuclear Regulatory Commission
approval for life extension through 2033. Nevertheless, the persistent gap between market prices and new
supply costs led Dominion Energy, the power plant’s owner, to the October 2012 decision to close the plant
because of “low gas prices and large volumes of wind without a capacity market.”

Kewaunee is not an isolated case. Other nuclear power plants such as Vermont Yankee provide similar
examples. Additionally, a significant number of coal-fired power plants are retiring well before it is economic
to do so. For example, First Energy retired its Hatfield’s Ferry plant in Ohio on 9 October 2013. This is a
large (1,700 MW) power plant with a $33 per MWh variable cost of power production.’ The going-forward

8. Whieldon, Esther. “MISO-OMS survey of LSEs, generators finds resource shortfall remains likely in 2016.” SNL Energy, 6 December 201 3. Accessed on 14 May
2014 http://www.snl.com/InteractiveX/ArticleAbstract.aspx?id=26168778. Note: LSE = load-serving entity.

9. Source: SNL Financial data for 2012 operations, accessed 5 May 2014. Available at http://www.snl.com/InteractiveX/PlantProductionCostDetail.aspx?ID=3604.
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costs involved some additional environmental retrofits, but the plant had already invested $650 million to
retrofit a scrubber just four years prior to the announced retirement.

Reducing diversity and increasing risk

Proposed EPA regulations on new power plants accommodate the carbon footprint of new natural gas-fired
power plants but do not accommodate the carbon footprint of any new state-of-the-art conventional coal-
fired power plants that do not have carbon capture and storage (CSS). Since the cost and performance of CSS
technologies remain uneconomic, the United States is now on a path to eliminating coal-fired generation
in US power supply expansion. This move toward a greatly reduced role for coal in power generation may
accelerate because the EPA is now developing GHG emission standards for existing power plants that could
tighten emissions enough to dramatically increase coal-fired power plant retirements.

The impact of a particular fuel or technology on fuel diversity depends on overall power system conditions.
Asageneral rule, the benefits of fuel diversity from any source typically increase as its share in the portfolio
decreases. Oil-fired generation illustrated this principle when it proved indispensable in New England in
keeping electricity flowing this past winter. Despite only accounting for 0.2% of US generation, it provided
a critical safety valve for natural gas deliverability during the polar vortex. Yet, these oil-fired power plants
are not likely to survive the tightening environmental regulations across the next decade. The implication
is clear: there is a much higher cost from losing this final 0.2% of oil in the generation mix compared to
the cost of losing a small percentage of oil-fired generation back in 1978, when oil accounted for 17% of the
US generation mix. Losing this final 0.2% of the generation mix will be relatively expensive because the
alternative to meet infrequent surges in natural gas demand involves expanding natural gas storage and
pipeline capacity in a region where geological constraints make it increasingly difficult to do so.

Public opinion is a powerful factor influencing the power generation mix. The loss of coal- or oil-fired power
plants in the generation mix is often ignored or dismissed because of public opinion. Coal- or oil-fired
power plants are generally viewed less favorably than wind and solar resources. In particular, labeling some
sources of power as “clean energy” necessarily defines other power generating sources as “dirty energy.”
This distinction makes many conventional power supply sources increasingly unpopular in the political
process. Yet, all sources of power supply employed to meet customer needs have an environmental impact.
For example, wind and solar resources require lots of land and must be integrated with conventional grid-
based power supply to provide consumers with electricity when the wind is not blowing or the sun is not
shining. Therefore, integrating these “clean energy” resources into a power system to meet consumer needs
produces an environmental footprint, including a GHG emission rate. The arbitrary distinctions involved
in “clean energy” are evident when comparing the emissions profiles of integrated wind and solar power
production to that of nuclear power production. A simplistic and misleading distinction between power
supply resources is a contributing factor to the loss of fuel diversity.

Edison International provides an example of the impact of public opinion. Antinuclear political pressures in
California contributed to the decision in 2013 to prematurely close its San Onoftre nuclear power plant. This
closure created a need for replacement power supply that is more expensive, more risky, and more carbon
intensive.

The going-forward costs of continued operation of the San Onofre nuclear plant were less than the cost of
replacement power. Therefore, the closure and replacement of the San Onofre power plant made California
power supply more expensive in a state that already hasamong the highest power costsin the nation. A study
released in May 2014 by the Energy Institute at Haas at the University of California Berkeley estimated that
closing the San Onofre nuclear power station increased the cost of electricity by $350 million during the

July 2014 30 © 2014 IHS



Docket No. 20170057-EI
Direct Testimony of Sierra Club Witness Stanton
IHs Eddxdyibit BASe25 Page 3t ©fp56 Diversity

first twelve months.!° This was a large change in power production costs, equivalent to a 13% increase in the
total generation costs for the state.

Closing San Onofre makes California power costs more risky. California imports about 30% of its electricity
supply. Prior to the closure, nuclear generation provided 18.3% of California generation in 2011, and the
San Onofte nuclear units accounted for nearly half of that installed nuclear capacity. The Haas study found
that imports increase with system demand but not much, likely owing to transmission constraints, grid
limitations, and correlated demand across states. The results imply that the loss of the San Onofre power
plant was primarily made up through the use of more expensive generation, as much as 75% of which was
out-of-merit generation running to supply energy as well as voltage support. The report’s analysis found
that up to 25% of the lost San Onofre generation could have come from increased imports of power. The
substitute power increases California consumers’ exposure to the risks of fossil fuel price movements as
well as the risks of low hydroelectric generation due to Western Interconnection drought cycles.

Closing San Onofre makes California power production more carbon intensive. Nuclear power production
does not produce carbon dioxide (CO,) emissions. These nuclear units were a major reason that the CO,
intensity of California power production was around 0.5 pounds (Ib) per kilowatt-hour (kWh). Replacement
power coming from in-state natural gas-fired power plants has associated emissions of about 0.9 Ib per kWh.
Replacement power coming from the rest of the Western Interconnection has associated emissions of 1.5
1b per kWh. Even additional wind and solar power sources in California with natural gas-fired power plants
filling in and backing them up have a 0.7 Ib per kWh emissions profile. The Haas study found that closing
San Onofre caused carbon emissions to increase by an amount worth almost $320 million, in addition to
the $350 million in increased electricity prices in the first year. In the big picture, California CO, emissions
have not declined in the past decade, and the closure of the San Onofre nuclear units will negate the carbon
abatement impacts of 20% of the state’s current installed wind and solar power supply.

The path toward a less diverse power supply

The relative unpopularity of coal, oil, nuclear, and hydroelectric power plants (compared to renewables),
combined with the missing money problem, tightening environmental regulations, and a lack of public
awareness of the value of fuel diversity create the potential for the United States to move down a path
toward a significant reduction in power supply diversity. Within a couple of decades, the US generation mix
could have the following capacity characteristics:

e No meaningful nuclear power supply share

e No meaningful coal-fired power supply share

e No meaningful oil-fired power supply share

e Hydroelectric capacity in the United States reduced by 20%, from 6.6% to 5.3% of installed capacity

e Renewables power supply shares at operational limits in power supply mix: 5.5% solar, 27.5% wind

e Natural gas-fired generation becoming the default option for the remaining US power supply of about
61.7%

10. http://ei.haas.berkeley.edu/pdf/working_papers/WP248.pdf, accessed 30 May 2014.
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Comparing the performance of current diverse power supply to this reduced diversity case provides a basis
for quantifying the current value of fuel and technology diversity in US power supply.

Quantifying the value of current power supply diversity

A number of metrics exist to compare and contrast the performance of power systems under different
scenarios. Three power system performance metrics are relevant in judging the performance of alternative
generation portfolios:

e SRMC of electric production (the basis for wholesale power prices)
e Average variable cost of electric production

e Production cost variability

IHS Energy chose a geographic scope for the diversity analyses at the interconnection level of US power
systems. The United States has three power interconnections: Electric Reliability Council of Texas (ERCOT),
Eastern, and Western. These interconnections define the bounds of the power supply network systems
that coordinate the synchronous generation and delivery of alternating current electrical energy to match
the profile of aggregate consumer demands in real time.

Analysis at the interconnection level is the minimum level of disaggregation needed to analyze the
portfolio and substitution effects of a diverse fuel and technology generation mix. In particular, the
substitution effect involves the ability to shift generation from one source of power supply to another. The
degree of supply integration within an interconnection makes this possible, whereas the power transfer
capability between interconnections does not. The degree of power demand and supply integration within
these interconnections creates the incentive and capability to substitute lower-cost generation for higher-
cost generation at any point in time. These competitive forces cause the incremental power generation
cost-based wholesale power prices at various locations within each interconnection to move together.
An average correlation coefficient of monthly average wholesale prices at major trading hubs within each
interconnection is roughly 0.8, indicating a high degree of supply linkage within each interconnection.

IHS Energy assessed the current value of fuel diversity by using the most recently available data on the US
power sector. Sufficient data were available for 2010 to 2012, given the varied reporting lags of US power
system data.

IHS employed its Razor Model to simulate the interactions of demand and supply within each of these US
power interconnections from 2010 to 2012. The 2010 to 2012 backcasting analysis created a base case of
the current interactions between power demand and supply in US power systems. Appendix B describes
the IHS Razor Model and reports the accuracy of this power system simulation tool to replicate the actual
performance of these power systems. The high degree of predictive power produced by this model in the
backcasting exercise establishes the credibility of using this analytical framework to quantify the impacts
of more or less fuel and technology diversity. The macroeconomic impact analysis used the most recently
available THS simulation of the US economy (December 2013) as a base case.

Once this base case was in place, the Razor Model was employed to simulate an alternative case involving
a less diverse generation mix. The current generation mix in each of the three interconnections—Eastern,
Western, and ERCOT—were altered as follows to produce the reduced diversity case generation:
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e The nuclear generating share went to zero.
e The coal-fired electric generating share went to zero.
e The hydroelectric generation share dropped to 3.8%.

e Intermittent wind and solar generation increased its combined base case generation share of about 2%
to shares approximating the operational limits—24% in the East, 45% in the West, and 23% in ERCOT—
resulting in an overall wind generation share of 21.0% and a solar generation share of 1.5%.

e Natural gas-fired generation provided the remaining generation share in each power system, ranging
from about 55% in the West to over 75% in the East and ERCOT, for an overall share of nearly 74%.

Differences between the performance metrics of the current diverse generating portfolio simulation
and the reduced diversity case simulation provide an estimate for the current value of fuel diversity. The
differences in the level and variance of power prices were fed through to the IHS US macroeconomic model
to quantify the broader economic impacts of the higher and more varied power prices and shifts in capital
deployment associated with the reduced diversity case.

Quantification of the impact of fuel diversity within the US power sector involved a two-step process.
The first step quantifies the current value of the substitution effect enabled by a diverse power generating
portfolio. The second step quantified the additional value created by the portfolio effect.

The value of the substitution effect

The first step alters the base case by holding relative fuel prices at the average level across 2010 to 2012. Doing
thisremoves the opportunity to substitute back and forth between generation resources based on changes to
the marginal cost of generation. This case maintains a portfolio effect but eliminates the substitution effect
in power generation. The difference between this constant relative fuel price case and the base case provides
an estimate of the current value of the substitution effect provided by the current diverse power generation
fuel mix. The results show
significantly higher fuel costs
from a generation mix deprived
of substitution based on fuel
price changes. The substitution Marginal cost Average cost Standard deviation
effects in the current diverse
US power generating portfolio
reduced the fuel cost for US 60
power production by over $2.8
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The value of the portfolio effect

The second step quantifies the portfolio value of the current generation mix. To measure this, the base
case is altered by replacing the
actual current generation mix
with the less diverse generation
mix. All else is held constant
in this reduced diversity case, Marginal cost Average cost Standard deviation
including the actual monthly 80 50 18
fuel prices. Therefore, this 70 45 16
reduced diversity simulation
reduces the portfolio effect of
diverse generation and allows
any economic  generation
substitution to take place
utilizing this less diverse 20
capacity mix. 10

FIGURE 23

Actual dispatch versus minimum diversity dispatch: Cost results

60

50

$ per MWh

40 —4—] —— -

30

Figure 23  shows the
performance metrics for each
interconnection and the United
States as a whole in the less WActual dispatch Minimum diversity dispatch

diverse portfolio case compared | soure: iHs Energy ©2014 1HS
to the base case.

ERCOT
East
West
US total
ERCOT
East
West
US total
ERCOT
East
West
US total

The portfolio effect reduces not only costs, but also the variation in costs. This translates into a reduction in
the typical monthly variation in consumers’ power bills of between 25% and 30%.

The differences in average power production costs between the reduced diversity case and the current
supply case indicate that fuel and technology diversity in the base case US generation mix provides power
consumers with benefits of $93 billion per year. This difference between the reduced diversity case and the
base case includes both the substitution and portfolio effects. Using the results of step one allows separation
of these two effects, as shown in Table 4.

Figures 24 and 25 show the progression from the base case to the reduced diversity case. The results indicate
that the Eastern power interconnection has the most to lose from a less diverse power supply because it
faces more significant increases in cost, price, and variability in moving from the base case to the reduced
diversity case. The Eastern interconnection ends up with greater variation in part because its delivered
fuel costs are more varied than in Texas or the West. In addition, the natural endowments of hydroelectric
power in the Western interconnection generation mix continue to mitigate some of the fuel price risk even
at a reduced generation share.

In the past three years, generation supply diversity reduced US power supply costs by $93 billion per year,
with the majority of the benefit coming from the portfolio effect. These estimates are conservative because
they were made only across the recent past, 2010 to 2012. An evaluation over a longer period of history
would show increased benefits from managing greater levels of fuel price risk.

The estimates of the current value of power supply diversity are conservative as well because they do not
include the feedback effects of higher power cost variation on the cost of capital for power suppliers, as
outlined in Appendix A. The analyses indicate that a power supplier with the production cost variation
equal to the current US average would have a cost of capital 310 basis points lower than a power supplier
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TABLE 4

Substitution effect Portfolio effect Total

ERCOT Output (2011, TWh) 334 334 334
Marginal cost increase ($/MWh) $11.10 $0.35 $11.45

Average cost increase ($/MWh) ($0.91) $10.62 $9.71

Marginal cost increase split 97% 3% 100%

Average cost increase split -9% 109% 100%

Marginal cost increase percentage 35.40% 110% 36.50%

Average cost increase percentage -3.90% 45.20% 41.40%

Marginal cost increase (total) $3,708,970,847 $116,702,120 $3,825,672,967

Average cost increase (total) ($302,604,000) $3,547,080,000 $3,244,476,000

Eastern interconnection  Output (2011, TWh) 2,916 2,916 2,916
Marginal cost increase ($/MWh) $26.01 $4.73 $30.74

Average cost increase ($/MWnh) $1.10 $26.92 $28.02

Marginal cost increase split 85% 15% 100%

Average cost increase split 4% 96% 100%

Marginal cost increase percentage 70.70% 12.80% 83.50%

Average cost increase percentage 5.80% 142.70% 148.50%

Marginal cost increase (total) $75,840,639,098 $13,791,489,884 $89,632,128,981

Average cost increase (total) $3,207,600,000 $78,498,720,000 $81,706,320,000

Western interconnection  Output (2011, TWh) 728 728 728
Marginal cost increase ($/MWh) $4.94 $5.27 $10.21

Average cost increase ($/MWh) ($0.10) $11.67 $11.57

Marginal cost increase split 48% 52% 100%

Average cost increase split -1% 101% 100%

Marginal cost increase percentage 16.50% 17.60% 34.10%

Average cost increase percentage -0.50% 57.50% 57.00%

Marginal cost increase (total) $3,598,597,137 $3,837,638,788 $7,431,235,926

Average cost increase (total) ($72,800,000) $8,495,760,000 $8,422,960,000

US total Output (2011, TWh) 3,978 3,978 3,978
Marginal cost increase ($/MWh) $20.90 $4.46 $25.36

Average cost increase ($/MWh) $0.71 $22.76 $28.47

Marginal cost increase split 82% 18% 100%

Average cost increase split 3% 97% 100%

Marginal cost increase percentage 59.50% 12.70% 72.20%

Average cost increase percentage 3.60% 116.70% 120.30%

Marginal cost increase (total) $83,143,207,082 $17,745,830,792 $100,889,037,874

Average cost increase (total) $2,832,196,000 $90,541,560,000 $93,373,756,000

Source: IHS Energy

with the production cost variation associated with the generation mix of the reduced diversity case.
Since 14% of total power costs are returned to capital, this difference accounts for 1-3% of the overall cost
of electricity. This cost-of-capital effect can have a magnified impact on overall costs if more capital has
to be deployed with an acceleration of power plant closures and replacements from the pace that reflects
underlying economics.

The cost of accelerating change in the generation mix

Current trends in public policies and flawed power market outcomes can trigger power plant retirements
before the end of a power plant’s economic life. When this happens, the closure creates cost impacts beyond
the level and volatility of power production costs because it requires shifting capital away from a productive
alternative use and toward a replacement power plant investment.

All existing power plants are economic to close and replace at some point in the future. The economic life of
a power plant ends when the expected costs of continued operation exceed the cost of replacement. When
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Figure 27 shows the going-
forward costs of the existing | souce: is enewy ©2014 IHs
US nuclear power plant fleet.
As with the coal units, there
is currently a high cost associated with premature closure. As a point of comparison, closing all existing
nuclear power plants and replacing them as quickly as possible with natural gas-fired power plants would
impose a turnover cost of around $230 billion. Unlike the coal fleet, where a nominal amount of older
capacity has a going-forward cost that exceeds the expected levelized cost of replacement, none of the US
nuclear capacity is currently more expensive than the lowest of projected replacement costs.

Closing a power plant and replacing it before its time means incurring additional capital costs. The average
depreciation rate of capital in the United States is 8.3%. This implies that the average economic life of a
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capital investment in the
United States economy is 12
years. Altering the amount
of capital deployed in the US
economy by $1 in Year 1 results
in an equivalent impact on GDP
as deploying a steady stream of
about $0.15 of capital for each
of the 12 years of economic
life. This annual levelized cost
approximates the value of the
marginal product of capital.
Therefore, each dollar of capital
deployed to replace a power
plant that retires prematurely
imposes an opportunity cost
equal to the value of the
marginal productivity of capital
in each year.

Economywide
impacts

In addition to the $93 billion
in lost savings from the
portfolio and substitution
effects, depending upon the
pace of premature closures,
there is a cost to the economy
of diverting capital from other
productive uses. The power
price  increases  associated
with the reduced diversity
case would profoundly affect
the US economy. The reduced
diversity case shows a 75%
increase in average wholesale
power prices compared to
the base case. IHS Economics
conducted simulations using
its US Macroeconomic Model

FIGURE 26

Going-forward costs of the existing coal fleet
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to assess the potential impact of the change in the level and variance of power prices between the base
case and the reduced diversity case. The latest IHS base line macroeconomic outlook in December 2013
provides a basis for evaluating the impacts of an electricity price shock due to a reduced diversity case for
power supply. Subjecting the current US economy to such a power price increase would trigger economic
disruptions, some lasting over a multiyear time frame. As a result, it would take several years for most of
these disruptions to dissipate. To capture most of these effects, power price changes were evaluated over
the period spanning the past two and the next three years to approximate effects of a power price change
to the current state of the economy. Wholesale power price increases were modeled by increasing the

© 2014 IHS
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Producer Price Index for electricity by 75% in the macroeconometric model; consumers were affected by
the resulting higher prices for retail electricity and other goods and services.

Economic impacts of the power supply reduced diversity case are quantified as deviations from the IHS
macroeconomic baseline simulations of the US economy. The major impacts within the three years after
the power price change would include

e Adropinreal disposable income per household of about $2,100
e Areduction 0f 1,100,000 jobs

e Adeclineinreal GDP of 1.2%

Consumers will bear the brunt of the impact of higher power prices. The higher price of electricity would
trigger a reduction in power use in the longer run (10 or more years out) of around 10%. Yet even with
such dramatic reductions in consumption, the typical power bill in the United States would increase from
around $65 to $72 per month.

Not only will consumers face higher electric bills, but some portion of increases in manufacturers’ costs
ultimately will be passed on to consumers through higher prices for goods and services. Faced with lower
purchasing power, consumers
will scale back on discretionary

purchases because expected L : :
. . Impact of reduced diversity on real disposable income
real disposable income per

household is lower by over Year 0 Year 1 Year2 Year3 Year 4

$2,100 three years after the $0

electric price increase (see

Figure 28). Unlike other 500

economic indicators (such

as real GDP) that converge

toward equilibrium after a $1,000

few years, real disposable

income per household does $1.500

not recover, even if the 51,456

-$1,711
-$1,932

FIGURE 28

Real 2012 dollars

simulations are extended out
25 vyears. This indicates that 52,000
the price increases will have a -$2,129 -$2,112
longer-term negative effect on $2.500
disposable income and power
consumption levels. Source: IHS Economics ©2014 IHS

Businesses will face the dual

challenge of higher operational costs coupled with decreased demand for their products and services.
Industrial production will decline, on average, by about 1% through Year 4. This will lead to fewer jobs (i.e.,
a combination of current jobs that are eliminated and future jobs that are never created) within a couple of
years relative to the IHS baseline forecast, as shown in Figure 29, with the largest impact appearing in Year
2, with 1,100,000 fewer jobs than the IHS baseline level.
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Impact on GDP FIGURE 29
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conditions cause negative
economic impacts equivalent to
a mild recession relative to the
forgone potential GDP of the FIGURE 30
baseline. The economic impacts
of the reduced diversity case
set baCk GDP by $198 billion, Year O Year 1 Year 2 Year 3 Year 4

or 1.2% in Year 1 (see Figure 30). 0-0% . B
This deviation from the baseline 0.11%

GDP is a drop that is equivalent
to about half of the average
decline in GDP in US recessions
since the Great Depression.
However, the impacts on key
components of GDP such as
personal consumption and

Source: IHS Economics ©2014 IHS

Impact of reduced diversity on real GDP

-0.2%

-0.4%

_0 8%
0.6% -0.56%

-0.66%

-0.8%

Percent deviation from baseline

-0.92%

business investment will differ. -1.0%

. -1.2%
Consumption 1.23%
Analyzing personal 4%

consumption provides insights
on the changes to consumer
purchasing behavior under the
scenario conditions. Consumption, which accounts for approximately two-thirds of US GDP, remains lower
over the period with each of its three subcomponents—durable goods, nondurable goods, and services—
displaying a different response to the reduced power supply scenario conditions. In contrast with overall
GDP, consumer spending shows little recovery by Year 4, as shown in Figure 31. This is due to continued
higher prices for goods and services and decreased household disposable income. About 57% of the decline
will occur in purchases of services, where household operations including spending on electricity will have
a significant impact.

Source: IHS Economics ©2014 IHS
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In the early years, lower  FIGURES!
spending on durable goods
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FIGURE 32

Impact of reduced diversity on investment
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trends cause the reduced

diversity case to materialize

within the next decade, then the premature closure and replacement of existing power plants would shift
billions of dollars of capital from alternative deployments in the US economy.

Conclusions

Consumers want a cost-effective generation mix. Obtaining one on the regulated and public power side
of the industry involves employing an integrated resource planning process that properly incorporates
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cost-effective risk management. Obtaining such a mix on the competitive side of the power business
involves employing time-differentiated market-clearing prices for energy and capacity commodities that
can provide efficient economic signals. The linkage between risk and cost of capital can internalize cost-
effective risk management into competitive power business strategies. Regardless of industry structure, a
diverse generation mix is the desired outcome of cost-effective power system planning and operation.

The results of this study indicate seven key factors that will shape US power supply diversity in the years
to come:

e Energy policy development. US policy heavily influences the US power supply mix. Implementing an
all-of-the-above energy policy requires propetly internalizing the value of fuel diversity.

e Market structure. Market flaws distort wholesale power prices downward and result in uneconomic
retirement and replacement of existing cost-effective generation resources. This issue and any market
structure changes to address it will significantly shape future power plant development.

e Energy policy discourse. Preserving the value of fuel diversity depends on public awareness and
understanding. The extent and nature of public education regarding the value of power supply diversity
may strongly influence public opinion.

e Planningalignment. Alignment of fuel and technology choices for power generation with engineering
and economic principles is critical to efficient and reliable supply. There is no single fuel or technology
of choice for power generation, and all forms of power production have economic, environmental, and
reliability impacts.

e Risk assessment. To incorporate system considerations into plant-level decisions, prudent fuel price
uncertainties must be used with probabilistic approaches to decision making.

o Flexibility. Flexibility and exemptions in rule making and implementation allow for the balancing
of costs and benefits in power supply systems and may help preserve highly valuable diversity in
systemwide decisions as well as on a small but impactful individual plant scale.

e Scope. Including fuel price risk and additional storage and transportation infrastructure costs is crucial

when evaluating reduced diversity scenarios in comparison to the cost of maintaining and expanding
fuel diversity.
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Appendix A: Cost-effective electric generating mix

The objective of power supply is to provide reliable, efficient, and environmentally responsible electric
production to meet the aggregate power needs of consumers at various points in time. Consumers
determine how much electricity they want at any point in time, and since the power grid physically
connects consumers, it aggregates individual consumer demands into a power system demand pattern
that varies considerably from hour to hour. For example, Figure A-1 shows the hourly aggregate demand for
electricity in ERCOT.

. FIGURE A-1
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demand in a US power system. The objective of any power system would be to match its demand pattern
with cost-effective power supply.

There are a number of alternative technologies available to produce electricity. These power supply
alternatives have different operating characteristics. Mostimportantly, some power generating technologies
can produce electricity on demand that aligns with the pattern of consumer demand through time, while
others cannot. For example, solar PV panels can only provide electric output during hours of sunlight and
thus cannot meet aggregate demand during the night. In contrast, thermal generation such as coal and
natural gas can ramp up and down or turn on and off to match output with customer demand. Technologies
such as coal and natural gas are considered dispatchable, while technologies such as solar and wind are
considered nondispatchable. A number of combinations of technologies can together provide electric
output that matches the pattern of consumer needs.

The lowest-cost generating technologies that can meet the highest increases in demand are peaking
technologies such as combustion turbines (CTs). CTs are the most economical technology to meet loads that
occur for only a small amount of time. These technologies can start-up quickly and change output flexibly
to meet the relatively infrequent hours of highest power demand. They are economic even though they
are not the best available technology for efficiently transforming fuel into electricity. CTs have relatively
low upfront capital costs and thus present a trade-off with more efficient but higher capital cost generating
technology alternatives. Since these resources are expected to be used so infrequently, the additional cost
of more efficient power generation is not justified by fuel savings, given their expected low utilization rates.

Cycling technologies are most economical to follow changes in power demand across most hours.
Consequently, utilization rates can be high enough to generate enough fuel savings to cover the additional
capital cost of these technologies over a peaking technology. These intermediate technologies provide
flexible operation along with efficient conversion of fuel into power. A natural gas—fired combined-cycle gas
turbine (CCGT) is one technology that is suitable and frequently used for this role.

Base-load technologies are the lowest-cost power supply sources to meet power demand across most hours.
These technologies are cost-effective because they allow the trading of some flexibility in varying output
for the lower operating costs associated with high utilization rates. These technologies include nuclear
power plants, coal-fired power plants, and reservoir hydroelectric power supply resources.

Nondispatchable power resources include technologies such as run-of-the-river hydroelectric, wind, and
solar power supplies. These technologies produce power when external conditions allow—river flows, wind
speeds, and solar insolation levels. Variations in electric output from these resources reflect changes in
these external conditions rather than changes initiated by the generator or system operator to follow shifts
in power consumer needs. Some of these resources can be economic in a generation mix if the value of the
fuel they displace and their net dependable capacity are enough to cover their total cost. However, since
nondispatchable production profiles do not align with changes in consumer demands, there are limits to
how much of these resources can be cost-effectively incorporated into a power supply mix.

Alternative power generating technologies also have different operating costs. Typical cost profiles for
alternative power technologies are shown in Table A-1. Both nuclear and supercritical pulverized coal
(SCPC) technologies are based on steam turbines, whereby superheated steam spins a turbine; in coal’s case,
supercritical refers to the high-pressure phase of steam where heat transfer and therefore the turbine itself
is most efficient. Natural gas CTs are akin to jet engines, where the burning fuel’s exhaust spins the turbine.
A CCGT combines both of these technologies, first spinning a CT with exhaust and then using that exhaust
to create steam which spins a second turbine.
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TABLE A-1
CCGT SCPC Nuclear CT
Capital cost (US$ per kW) 1,350 3,480 7,130 790
Variable O&M cost (US$ per MWh) 3.5 4.7 1.6 4.8
First year fixed O&M cost (US$ per kW-yr) 13 39 107 9
Property tax and insurance (US$ per kW-yr) 13 36 78 8
Fuel price (US$ per MMBtu) 4.55 2.6 0.7 4.55
Heat rate (Btu per kWh) 6,750 8,300 9,800 10,000
CO, emission rate (Ibs per KWh) 0.8 1.78 0 1.18

Total capital cost figures include owner's costs: development/permitting, land acquisition, construction general and administrative, financing, interest during construction, etc.
Source: IHS Energy

Power production technologies tend to be capital intensive; the cost of capital is an important determinant
of overall costs. The cost of capital is made up of two components: a risk-free rate of return and a risk
premium. Short-term US government bond interest rates are considered an approximation of the risk-free
cost of capital. Currently, short-term US government bond interest rates are running at 0.1%. In order to
attract capital to more risky investments, the return to capital needs to be greater. For example, the average
cost of new debt to the US investor-owned power industry is around 4.5%." This indicates an average risk
premium of 4.4%.

Power generating technologies have different risk profiles. For example, the fluctuations in natural
gas prices and demand levels create uncertainty in plant utilization and the level of operating costs and
revenues. This makes future net income uncertain. Greater variation in net income makes the risk of
covering debt obligations greater. In addition, more uncertain operating cost profiles add costs by imposing
higher working capital requirements.

Risk profiles are important because they affect the cost of capital for power generation projects. If a project
is seen as more risky, investors demand a higher return for their investment in the project, which can have
a significant impact on the

overall project cost. FIGURE A-3

Credit agencies provide risk 2010 shareholder-owned utilities senior debt offerings average interest
coupon versus credit rating

assessments and credit ratings
to reflect these differences.
Credit ratings reflect the
perceived risk of earning a
return on, and a return of,
capital deployments. As Figure
A-3 shows, the higher credit
ratings associated with less
risky investments have a lower
risk premium, and conversely
lower credit ratings associated 2
with more risky investments
have a higher risk premium. y = -0.2877x + 8.7921
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11. Data collected by Stern School of Business, NYU, January 2014. Cost of Capital. Accessed at http://pages.stern.nyu.edu/~adamodar/New_Home_Page/datafile/
wacc.htm.
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income, as shown in Figure FIGURE A-4
A-4.

Earnings per share volatility versus credit ratings
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2 N y = -0.2044x + 3.4777

cost that reflects the overall Z 25 ‘

. ©
company risk profile rather S 20 \ ‘
than just the power plant . \ ’
risk profile. Utilities typically LT \
have diverse power supply 1.0 ‘
portfolios, whereas merchant 0.5
generators tend to be much 0.0 ¢
less diverse—typically almost D C CC CCC- CCC CCC+ B- B B+ BB- BB BB+ BBB- BBB BBB+ A- A A+ AAAAAA+AAA

entirely natural gas-fired. As a
result of the different supply | ot source: sL Energy

. . . Notes: EPS = eamings per share.
mixes and associated risk Volatility is messtred by standard deviation.
profiles, utilities and merchant | Surce ™S Fewy ©20141Hs
generators have different costs
of capital. This difference in

the cost of capital provides an approximation of the difference in risk premium.

Creditrating

Overall, the cost of capital for merchant generators is higher than that for utilities broadly. While the power
industry has an average cost of debt of roughly 4.5%, merchant generators with significant natural gas
holdings tend to have a cost of debt of around 8%. As many of these firms have gone through bankruptcies in
the past, this number may be lower than the cost of debt these firms had prior to restructuring.'? The implied
risk premium of a merchant generator to a utility is 3.5%, which is similar to the cost of capital analysis
results discussed in the body of the report, where the reduced diversity case generator was calculated to
have a cost of capital 310 basis points (3.1%) higher than that of the current US power sector as a whole.

Merchant generators with majority natural gas holdings have higher costs of capital because of the
increased earnings volatility and risk of an all natural gas portfolio. In contrast, a generator with a more
diverse portfolio needing to secure financing for the same type of plant would have costs of capital more in
line with the industry as a whole. This can have a significant impact on the overall cost of the plant. This
is not due specifically to the properties of natural gas as a fuel, but rather to the diversity of generating
resources available. If a merchant generator were to have an exclusively coal-fired generating fleet or an
exclusively nuclear generating fleet, its cost of capital would also increase owing to the higher uncertainty
in generation cash flows.

The expected annual power supply costs can be calculated over the expected life of a power plant once the
cost of capital is set and combined with the cost and operating profile data. These power costs are uneven
through time for a given utilization rate. Therefore, an uneven cost stream can be expressed as a levelized
cost by finding a constant cost in each year that has the same present value as the uneven cost stream.
The discount rate used to determine this present value is based on the typical cost of capital for the power

12. Based on analysis of the “Competitive” business strategy group, defined by IHS as businesses with generation portfolios that are over 70% nonutility, based on
asset value and revenue. Cost of debt based on coupon rates of outstanding debt as of May 2014.
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industry as a whole. Dividing the levelized cost by the output of the power plant at a given utilization rate
produces a levelized cost of energy (LCOE) for a given technology at a given utilization rate (see Figure A-5).

A levelized cost stream FIGURE A5
makes it possible to compare

expected utilization rates. A
lower utilization rate forces 570
spreading fixed costs over 560
fewer units of output and thus 550
produces higher levelized costs 340

(see Figure A-6). 5%0
520 (N

Figure A7 adds the LCOE of :;2 \/

a CT. Since the LCOE of the
CT is lower than that of the
CCGT at high utilization rates,

$ per kW-year

490
480
470

adding CTs shows the point at S
which the savings for a CCGT’s 123 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25
. . Year of operation
greater efficiency in fuel use
are enOUgh to offset the lower @ C alculated uneven cost stream Levelized cost stream
fixed costs of a CT.
Source: IHS Energy © 2014 IHS

There is a utilization rate
at which a CCGT is cheaper FIGURE A-6
to run than a CT. Below a

utilization rate of roughly 35%, | et s

a CT is more economical. At 5450

higher utilization rates, the

CCGT is more economical. | g %0

When referring back to the % $350 —

load duration curve, it can be 8 o

calculated that a generation s

mix that is 37% CT and 63% | & $2%

CCGT would produce a least- 8 $200

cost outcome. This can be % sis0

demonstrated by comparing T

the LCOE graph with the load | =& '

duration curve: the intersection $50

point of CT and CCGT LCOEs $0 ———
occurs at the same time 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90%
percentage on the LCOE graph Capacity factor

at which 63% load occursonthe | souce: s nergy ©2014 IHs
load duration curve (see Figure

A-8).

The levelized cost of production for each technology can be determined by finding the average load (and
corresponding utilization rate) for the segment of the load duration curve (LDC) that corresponds to each
technology (in this example, the two segments that are created by splitting the curve at the 35% mark).
Loads that occur less than 35% of the time will be considered peak loads, so the average cost of meeting
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a peak load will be equivalent
to the cost of a CT operating
at a 17.5% utilization rate, the
average of the peak loads.
Cycling loads will be defined as
loads occurring between 35% to
80% of the time, with base loads
occurring more than 80% of the
time. As the CCGT is covering
both cycling and base loads in
this example, the average cost
of meeting theses loads with
a CCGT will be equivalent to
the levelized cost of a CCGT
at a 57.5% utilization rate. A
weighted average of the costs
of each technology is then
equivalent to an average cost
of production for the power
system. For this generation mix,
the levelized cost of production
is equal to 9.6 cents per kWh.

The generating options also
can be expanded to include
fuels besides natural gas. Stand-
alone coal and stand-alone
nuclear are not lower cost than
stand-alone gas, as shown in
Figure A-9, and all have a high-
risk premium associated with
the lack of diversity. However,
when combined as part of a
generation mix, the cost of
capital will be lower owing to
the more diverse (and therefore
less risky) expected cash flow.

Based on the LDC, in this
example base-load generation
was modeled at 52.5% of
capacity and was composed of
equal partsgas, coal,and nuclear
capacity. This combination of
fuels and technology produces a
diverse portfolio that canreduce
risk and measurably lower the

FIGURE A-7
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FIGURE A-8

Determination of generation mix based on load duration curve
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risk premium in the cost of capital. The point at which a CCGT becomes cheaper than a CT changes slightly
from the previous example owing to the change in cost of capital, but the result is similar, with a 30%
utilization rate the critical point and 36% CT capacity the most economical. Cycling loads with utilization

© 2014 IHS
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rates between 30% and 80% can FIGURE A-9
be covered by CCGTs, equaling
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The needed dispatchable resources can be recalculated using the new curve, integrating the solar generation.
The new curve increases the amount of peaking resources needed, but otherwise changes only very slightly.
After solar is added, the total cost is 10.8 cents per kWh. Since the output pattern of solar doesn’t match the
demand pattern for the power system, adding solar does not significantly decrease the amount of capacity
needed.

13. Solar data from National Renewable Energy Laboratory, Austin, TX, site. Data from 1991-2005 update, used for example purposes. http://rredc.nrel.gov/solar/
old_data/nsrdb/1991-2005/tmy3/by_state_and_city.html accessed 13 May 2014.
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Conclusion

There is no single fuel or technology of choice for power generation. Reliably and efficiently supplying
consumers with the amounts of electricity that they want, when they want it, requires a diverse
generation mix.

A cost-effective generation mix involves diversity but does not involve maximizing diversity by
equalizing generation shares from all available supply options.

The cost-effective mix of fuel and technologies for any power system is sensitive to the uncertainties
surrounding the level and pattern of consumer power demands as well as expectations regarding the
cost and performance of alternative power generating technologies and, in particular, the expectations
for delivered fuel prices.

The cost-effective generating mix will differ from one power system to the next because of differences
in aggregate consumer demand patterns as well as the cost and performance of available generating
options.

The best type of capacity to add to any generation portfolio depends on what types of capacity are
already in the mix.
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Appendix B: IHS Power System Razor Model overview

Design

The THS Power System Razor (Razor) Model was developed to simulate the balancing of power system
demand and supply. The model design provides flexibility to define analyses’ frequency and resolution in
line with available data and the analytical requirements of the research investigation.

For this assessment of the value of fuel diversity, the following analytical choices were selected:
e Analysis time frame—Backcasting 2010 to 2012

e Analysis frequency—Weekly balancing of demand and supply

e Geographic scope—US continental power interconnections—Western, Eastern, and ERCOT

o Demand input data—Estimates of weekly interconnection aggregate consumer energy demand plus
losses

e Fuel and technology types—Five separate dispatchable supply alternatives: nuclear, coal steam,
natural gas CCGT, gas CT, and 0il CT

o Supply input data by type—Monthly installed capacity, monthly delivered fuel prices, monthly
variable operations and maintenance (O&M), heat rate as a function of utilization

o Load modifiers—Wind, solar, hydroelectric, net interchange, peaking generation levels, and weekly
patterns

Demand

The Razor Model enables the input of historical demand for backcasting analyses as well as the projection
of demand for forward-looking scenarios. In both cases, the Razor Model evaluates demand in a region as a
single aggregate power system load.

Forbackcasting analyses, the modelrelies upon estimates of actual demand by interconnection. For forward-
looking simulations, Razor incorporates a US state-level cross-sectional, regression-based demand model
for each of the three customer classes—residential, commercial, and industrial. Power system composite
state indexes drive base year demand levels by customer class into the future.

Load modifiers

Utilization of some power supply resources is independent of SRMC-based dispatch dynamics. Some power
supply is determined by out-of-merit-order utilization, normal production patterns, or external conditions—
such as solar insolation levels, water flows, and wind patterns. These power supply resources are treated as
load modifiers.
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Net load

Net load is the difference between power system aggregate electric output needs and the aggregate supply
from load modifiers. It is the amount of generation that must be supplied by dispatchable power supply
resources.

Calibration of the inputs determining net load is possible using data reporting the aggregate output of
dispatchable power sources.

Fuel- and technology-specific supply curves

Supply curves are constructed for each fuel and technology type. The supply curve for each dispatchable
power supply type reflects the SRMCs of the capacity across the possible range of utilization rates. Applying
availability factors to installed capacity produces estimates of net dependable (firm, derated) capacity by
fuel and technology type.

Each cost curve incorporates heat rate as a function of utilization rate.'* Heat rate describes the efficiency of
a thermal power plant in its conversion of fuel into electricity. Heat rate is measured by the amount of heat
(in Btu) required each hour to produce 1 kWh of electricity, or most frequently shown as MMBtu per MWh.
The higher the heat rate, the more fuel required to produce a given unit of electricity. This level of efficiency
is determined primarily by the fuel type and plant design. Outliers are pruned from data to give a sample of
heat rates most representative of the range of operational plants by fuel and technology type.*

Dispatch fuel costs are the product of the heat rate and the delivered fuel cost. Total dispatch costs involve
adding variable operations and maintenance (VOM, or O&M) costs to the dispatch fuel costs. These O&M
costs include environmental allowance costs.

The power system aggregate supply curve is the horizontal summation of the supply curves for all fuel and
technology types. Figure B-1 illustrates the construction of the aggregate power system supply curve. The
supply curve shows the SRMC FIGURE B-1

at each megawatt dispatch level

and the associated marginal Representative supply curve

resource.

Balancing power system
aggregate demand and

supply

The Razor Model balances
aggregate  power  system
demand and supply by
intersecting the demand
and supply curves. At the
intersection  point, power
supply equals demand; supply
by type involves equilibrating
the dispatch costs of available Total MW dispatched
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14. Power plant data sourced from Ventyx Velocity Suite.

15. Outliers are defined as plants with an average heat rate higher than the maximum observed fully loaded heat rate.
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This power system-wide marginal cost of production is the basis for the wholesale power price level that

clears an energy market.

The Razor Model results in the following outputs:

o Power system SRMC/wholesale price

e Generation by fuel and technology type

e Average variable cost of production. The average variable cost is calculated at each dispatch increment
by taking the total cost at that generation level divided by the total megawatt dispatch.

e Price duration curve. The price duration curve illustrated in Figure B2 provides an example of
wholesale power price distribution across the weeks from 2010 through 2012.

Calibration

The predictive power of the
Razor Model for portfolio and
substitution analysisis revealed
by comparing the estimated
values of the backcasting
simulations to the actual
outcomes in 2010-12.

The Razor Model backcasting
results provide a comparison
of the estimated and actual
wholesale  power  prices.
The average difference in

the marginal cost varied
between (3.8%) and +2.3%
by interconnection region.

A comparison of the average
rather than marginal cost
of power production also

FIGURE B-2
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indicated a close correspondence. The average difference between the estimate and the actual average
cost of power production varied between (4.7%) and (0.1%) by interconnection region. Table B-1 shows
the assessment of the predictive power of the Razor Model for these two metrics across all three
interconnections in the 2010 to 2012 weekly backcasting exercise.

July 2014

TABLE B-1
IHS power system Razor Model analysis
East West ERCOT
Average wholesale power price difference 2.3 0.3 -3.8
Average production cost difference -0.2 -4.7 -0.1

Note: Differences reflect deviation averaged over backcasting period. Production cost difference reflects average of five
power sources: Coal, gas combined-cycle, gas combustion turbine, nuclear, and oil.

Source: IHS Energy
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1. The policy dilemma tomers may end up paying higher prices for price stab-
ility to which they attach little benefit. They also have
expressed the fear that pre-approval would exonerate a
utility from accountability for its actions in executing a
tpre—approved hedging plan. In effect, opponents of pre-

e i approval have argued that firming a commission’s com-
made by these utilities is that the vulnerability of hedg- mr?'?ment up-front ?o a particular hgedging plan may mag-

ing activities to second-guessing, especially when fin- . : . .
S ) o nify the incentive (moral hazard) problem arising from
ancial instruments are involved, justifies pre-approval of o : . o
the principal-agent relationship between a commission

a hedging plan in addition to the associated costs. These

as utilities thus believe that receiving commission sup- and a utllity?
9 ; Ing commission Sup Throughout their history, state PUCs have been reluc-
port of a hedging strategy up-front is critical in mitigat-

! A 2. tant to foreclose binding themselves or future com-

Ing ex post prudence risk in the form of appropriation missions from exercising certain actions that may be

or exploﬂaﬂon. e . deemed by them to be appropriate under the circum-
Taking a different position in state commission pro-

ceedings are those who have argued that pre-approva?tances' The asymmetric problem where the utility has

should be contingent on the utility providing evidence superiorinformation to the commission provides a

: o defense for a commission to not fully commit itself up-
that the hedging plan would be beneficial to customers o . .
and that the utility would have strona incentives to front to a utility’s actions and the associated cdsis.
. y ) gu this paper, it is argued that the optimal policy for a com-
efficiently carry out the plaf.Their concern is that cus- Sn . ) .
mission would likely be less than full commitment, in

the process making customers not as vulnerable to

* Tel.: +1 614 292 2831; faxy1 614 292 2453 opportunistic behavior by the utility. The optimal policy
E-mail address: Costello.1@osu.edu (K. Costello). would seem to lie somewhere between strict pre-
1 This paper was prepared by the National Regulatory Research approval and no guidance by a commission up-front as

Institute (NRRI) with funding provided by participating member com- . - . e i .
missions of the National Association of Regulatory Utility Com- to how it would review a particular utility activity. Guid-

missioners (NARUC). The views and opinions of the author do not @nce in the form of ex ante rules or guidelines, for
necessarily express or reflect the views, opinions, or policies of the
NRRI, NARUC, or NARUC member commissions. -

2 As an example, last year in Maine a Hearing Examiner rejected consumers may not be willing to pay the cost that would be required
a hedging plan proposal by Northern Utilities. The proposal called for of them for having price stability.
the approval of a hedging plan that would include futures contracts as 3 As another example, in Massachusetts, Bay State Gas’ proposed
a means of reducing the volatility of the price of natural gas. The hedging plan was criticized by marketers and the state’s Attorney Gen-
proposal also requested that any transaction costs incurred in the pur-eral. They argued that the proposal would weaken competition and has
chase of futures contracts as well as any cost of administering the the potential to harm customers as well by raising gas costs. The
program be fully passed on to the utility’s customers. In her report, the Attorney General asserted that the Commission should allow the com-
Hearing Examiner argued that the proposal amounts to pre-approval of petitive market to provide gas sales services with capped prices or any
the added costs of a hedging plan that may not provide any benefits other pricing variations, created with or without hedging. In a separate
for ratepayers and does not contain performance incentives for the util- Commission investigation, the Attorney General strongly rec-
ity. The state’s public advocate argued that weak incentives would ommended against allowing LDCs to hedge with financial derivatives.
result in the utility passively managing the hedging program, con- Among other things, the Attorney General argued that hedging with
tending that [c]ontinuous oversight and management of a hedging plan financial derivatives has not been shown to provide net benefits to
is necessary and will be fostered only when the Company shares inconsumers and that hedging can produce huge losses.
both the costs and benefits. The public advocate also argued that the “ See, for exampleBlackmon and Zeckhauser (199ajhd Blank
program does not require pre-approval from the Commission, and that and Pomerance (1992)

Some gas utilities have recently asked their state pub-
lic utility commissions (PUCs) to pre-approve hedging
plans that would reduce the volatility of natural gas
prices to a utility and its customers. The major argumen

0957-1787/03/$ - see front matter 2003 Elsevier Ltd. All rights reserved.
doi:10.1016/S0957-1787(03)00047-X
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example, could reflect the commitment of a commission
on how it would evaluate the outcomes of a hedging pro-
gram.

2. Major questions

A major question for regulators should be whether, in
the absence of pre-approval, the uncertainty of hedging
would be so great as to discourage a utility from hedging
when it would be in the public interest to do so. On the
one hand, too much uncertainty may cause a utility to
rationally respond by not hedging. For example, high
uncertainty of cost recovery for hedging activities may
motivate a utility to purchase al of its natural gasin the
spot market. On the other hand, minimizing uncertainty
by pre-approving al costs before they are actualy
incurred may create perverse incentives for a utility in
managing its hedging strategy. After all, once a hedging
strategy is in place a utility typicaly will be making
critical decisions during the entire time period of its
hedging plan. Most experts would agree that an appro-
priate hedging plan should provide for flexibility of tac-
tics because of intervening events and updated infor-
mation. Thus, it would seem to be bad policy for a
commission to presume the prudence of costs before
they can be precisely specified and are actualy
incurred—as mentioned above, perverse incentives
could otherwise easily result.

Thereis also the argument that the benefits of hedging
to the utility can offset the risk of hedging even under
the threat of cost disallowance. One of these benefits
would include eliminating the imprudence risk from not
hedging. This risk is just as real, and arguably can be
of greater magnitude than the risk of hedging when, ex
post, it was the wrong thing to do. The failure of a utility
to hedge could aso drive up its bad debt, damage its
goodwill, and reduce its competitiveness.® All in all, we
can see here the difficulty in determining what would be
an optimal regulatory policy on hedging.

In the case of purchased gas costs, in most states past
incurred costs are evauated after-the-fact, frequently
under the rebuttable-presumption-of-prudence standard
(i.e, a standard whereby parties contesting prudence
must provide unambiguous evidence of unreasonable
conduct by a utility) and without the benefit of 20—20
hindsight. Axiomatically, the prudence test requires only
reasonableness under the circumstances at the time a
decision or action was taken, but, as it has been shown
in practice, this condition is sometimes violated.

In pre-approving a utility’s hedging plan, for example,

5 In recognizing the benefits of hedging to a gas utility, particularly
since the winter of 2000—2001, the investment community has looked
favorably upon utilities that manage the price risks associated with
gas purchases.

acommission may want to ask whether the utility’s price
expectations, or more precisely the probability distri-
bution of future prices, implicit in its hedging plan are
compatible with the consensus forecasts of others (e.g.,
NYMEX futures prices adjusted for the “basis’ compo-
nent applicable to the market center or hub from which
a utility purchases natural gas), or, if they weren’t, what
was the reason for the utility’s deviation. In an ex post
prudence review, price expectations should not be
second-guessed in the sense that they turned out wrong
and resulted in higher costs when they were previously
considered to be reasonable by the commission in its
pre-approva of the utility’s hedging plan. In this case
the utility should therefore not be held accountable if its
price forecasts did not transpire, which seems inevitable
and, therefore, expected for any hedging program. (Of
coursg, if the utility is operating under some sort of sym-
metric incentive plan, then it should absorb the costs
associated with forecasting errors, as well as reap the
benefits of accurate forecasts, as actual outcomes rather
than the reasonableness of decisions is the basis for
cost recovery).

3. The nature of hedging

In contrast to gas procurement, hedging may be best
viewed as a customer-oriented value-added service, with
the commission arguably obligated to make the judg-
ment of how much hedging (if any) would be preferred
by customers.® | will argue later that such a policy would
be well-founded given the inherent nature of hedging
and the difficulties in measuring its benefits to cus-
tomers.

As amatter of practice, neither a gas utility nor a com-
mission has sufficient information to know precisely
how much a utility should hedge, how it should hedge,
or how much it should spend on hedging. For example,
measuring customers’ risk preferences in terms of how
much customers are willing to pay to have more stable
price is difficult to do.” Hedging costs are similarly prob-
lematic to measure given the highly dynamic nature of
natural gas markets. The best that can be hoped for is a

5 |If this presumption is true, then it can be argued that the purchase
of physical gas to meet customers’ demand represents an activity dis-
tinct from price-risk management. Traditionally, before the advent of
financial derivatives, gas procurement and price-risk management were
bundled as one activity or product—for example, the case of forward
contracts and storage. See, for example, Costello and Cita (2001).

7 It is not absolutely clear that customers would prefer more stable
prices if, in fact, they result in higher expected prices over time or
require payment in the form of a “risk premium” to those parties wil-
ling to shoulder the risk. It is safe to say that customers have unequal
risk tolerances—some customers would be willing to float with the
market while others would be willing to pay something to have more
stable prices.
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reasonable but imperfect assessment of these compo-
nents of a hedging plan so as to create a hedging strategy
that seems from both the utility and commission per-
spective, given the limited information available, to be
compatible with customer interests. This is perhaps the
most valid argument for why a commission should part-
ner with a gas utility in endorsing a hedging strategy up-
front. Consequently, the commission may have to act as
an agent on behalf of say core customers—i.e., cus-
tomers who purchase commodity gas from the local util-
ity even though they have the ability to choose another
supplier—in giving support to a hedging strategy, or in
rejecting a proposed hedging strategy in view of less
than perfect information. Regulators should remember
that a hedging strategy by a utility would likely increase
the utility’s expected costs over time since hedging
involves paying someone to take on risk.®

In justifying guaranteed recovery of yet-to-be-incurred
costs, the utility should have the burden of (1) demon-
strating why the prudence test (which, as mentioned
above, is normally used when assessing purchased gas
costs and other costs recoverable through PGAS) would
fail to give them incentive to hedge—for example, hedg-
ing is highly susceptible to awhimsical evaluation based
on outcomes rather than the prudence of the decisions
themselves, and (2) providing the commission with suf-
ficient information up-front so that the commission could
make an informed decision that would guarantee the
recovery of all costs by the utility. Since pre-approva
of costs results in the shifting of all risks to customers,
a commission should invariably impose a high standard
on a utility to demonstrate the merits of its proposed
hedging plan or to argue that hedging is a special case
making a traditional prudence review inappropriate. The
high standard in support of a plan requires good data as
well as sound analysis.

Conditions may prevail that justify pre-approva in
preventing a utility from not undertaking an action that
would be in consumers interest. One such condition is
that a utility would be highly susceptible to 20—20 hind-
sight because of the information difficulties for a utility
to ever show that its hedging strategy was optimal.® This
makes the utility especialy vulnerable, when the out-
come of the plan turned out negative, to the charge that
it was imprudent to go ahead with a plan that it could
not demonstrate to be optima from the perspective of
customers.

8 As an aside, a better approach may involve individual customers
reveaing their preferences for price stability by choosing between a
fixed-price tariff (if one is offered) and a traditiond tariff or, under a
customer choice program, between fixed-price service and variable-
price service from a marketer.

® As noted earlier, 20-20 hindsight falls outside the legal interpret-
ation of a prudence test but not always outside the ream of com-
mission consideration.

4. A proposal

The major message presented in this paper is that a
commission should provide guidance to a utility on the
general features of an acceptable hedging plan and actu-
aly approve a plan itself, but with the condition that it
should not guarantee up-front that all of the costs asso-
ciated with the plan will ultimately be recovered from
customers.’® After all, a plan can be found acceptable,
which should significantly narrow the scope of a prud-
ence review, without committing the commission before-
hand to allow a utility full recovery of the costs actually
incurred. While there is a strong link between a hedging
plan and the costs incurred, these costs are also depen-
dent upon how the plan was executed and managed.
Admittedly, an evaluation of execution and management
after-the-fact could be quite subjective, although it may
involve little more than auditing the utility’s compliance
plan for its conformity with its pre-approved hedging
strategy. As a general rule, as long as the utility acted
within the bounds of a pre-approved hedging plan, how-
ever that is determined, no cost disallowance should take
place. Of course, good public policy dictates that a com-
mission should always leave open until after the fact
whether the utility acted consistently with a hedging plan
even if the plan itself was previously approved, and
found to be reasonable, by the commission. As an anal-
ogy, a football coach may have a good game plan, but
if he failed to execute the plan because of poor com-
munications with his players, he should be held account-
able for any poor performance that may result. In other
words, he should be blamed—rather than his players—
if he is unable to convey to them how the plan should
be carried out.

Thus, even if a commission pre-approves a hedging
plan, it should not presume al of the costs associated
with the plan to be prudent and recoverable from cus-
tomers. But, to be fair to the utility and, additionally,
to avoid discouraging the utility from hedging, a pre-
approved plan should significantly reduce the scope of
any prudence review. As discussed below, this would
not only reduce uncertainty for the utility, but it would
also make it much easier for a commission to determine
after-the-fact whether the outcome fell within the bounds
of reasonable decision-making on the part of the utility
(i.e., the utility acted “prudently” in the traditional sense
of the term).

In mitigating unnecessary uncertainty for the utility,
a commission should seriously consider establishing
guidelines up-front that outline the objectives and fea-
tures of an acceptable hedging plan as well as criteria
for cost recovery by a utility. For example, acommission

10 Support for guidelines and what guidelines would entail are dis-
cussed in Costello and Cita (2001).
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should articulate up-front its position on the objective of
a hedging plan—one possible candidate is to prevent
prices charged to customers from exceeding a specified
level. Guidelines can pertain to the program parameters
such as the volume of gas to be hedged, the total budget
for hedging, the mix of hedging instruments to be used,
and discretionary actions that could be taken by manage-
ment or its contractor during the hedging period. Guide-
lines can also encompass program monitoring and
reporting requirements that might include a utility’s
review of the program’s prior performance. !

Up-front guidelines and criteria for cost recovery can
eliminate much of the contentious debate that would
otherwise arise during a prudence review. As good regu-
latory policy, a utility needs clear signals from a com-
mission as to the acceptable objective of a hedging strat-
egy and what would be considered reasonable tactics.
Overall, the utility needs to know the rules under which
it will make decisions. Otherwise, the utility would be
more reluctant to hedge even when, from the customers
perspective, it is the right thing to do.

Specifically, | would advise commissions to: (1)
establish up-front rules, including prudence criteria, (2)
sign-off on a hedging strategy if it deems (although one
never knows for sure) to be in the customers interest,
(3) evaluate after-the-fact the execution and management
of acommission-approved hedging strategy to determine
whether the utility acted within the confines of an pre-
approved hedging strategy, and (4) as a side condition,
not micromanage hedging tactics once a strategy is in
place. | believe that the proper balance in a commission
policy lieswith giving the utility a great deal of certainty
up-front without forfeiting the commission’s right to
guestion whether some of the costs actually incurred
were imprudent and unreasonable.

Utilities have aright to feel vulnerable to an after-the-
fact regulatory interpretation of outcomes that resemble
Monday morning quarterbacking—by design, hedging is
expected to result in a net loss to consumers (analogous
to the purchase of insurance when the insured party
doesn't make a claim) and, as argued above, it is
inherently next to impossible for a utility to argue after-
the-fact that its hedging strategy was optimal. Similarly,
even under a rebuttal presumption of prudence, an out-
side party might argue that a utility’s strategy was not
optimal because it did not take into account customers
preferences for risk aversion (i.e., more stable prices) in
addition to not explicitly calculating the costs associated
with different hedging instruments.

| would advise commissions to go as far as signing
off on a hedging strategy in aleviating what | would
regard as a legitimate fear by utilities. In doing so, com-
missions should articulate that they will not evaluate the

11 See, for example, Costello and Cita (2001).

prudence of costs with the benefit of 20—20 hindsight
and will consider any cost reasonable that falls within
the guiddlines of the hedging strategy. For example,
hedging can be rightly judged as successful and prudent
even when prices turned out higher than what they would
have been in the absence of hedging.'?

To recap, a utility is most susceptible to the charge
when the results of its hedging strategy turn out bad that
“Why did you go ahead with hedging when you had
incomplete information? Isn't it imprudent to go ahead
with a hedging plan when you didn’t know whether con-
sumers would be better off or you didn't know, at least
you didn’t show this beforehand, that your hedging strat-
egy was least cost?’ Unless a commission gives the util-
ity approval up-front to execute a particular plan, it is
clearly understandable why a utility would be reluctant
to hedge. Without pre-approval, the utility is placed in
the predicament of “dammed if we do, dammed if we
don't.” This trandates into “if we do hedge and the out-
come is negative, we'll probably get slammed; if we
don't hedge and market prices unexpectedly go up, we’ll
also get sammed.” Boxing a utility into such a corner
would be both unfair to the utility and potentially costly
to customers, for example, as the utility’s cost of capital
would likely increase.

5. Information problems

Two mgjor questions should underlie an ex ante evalu-
ation of a hedging strategy: (1) does the utility’s strategy
reflect the preferences of its customers for stable prices,
which is difficult given the varying preferences among
customers, and (2) does the strategy represent least-cost
hedging (for example, hedging that results in minimum
transaction costs for the utility), taking into account the
myriad hedging tools available for use? In establishing
a prudence standard for hedging, a commission should
specify up-front an acceptable level of price volatility or
consumer risk tolerance toward price volatility, in
addition to defining an acceptable average cost for gas
including the costs associated with hedging.

In practice, however, it is difficult to acquire data on
how much the “average customer” would be willing to
pay to have the utility hedge and, therefore, to determine
whether hedging costs are prudent in terms of benefiting
customers. In addition, not knowing the degree and nat-
ure of customers preference for price stability also
makes it highly difficult for both the utility and the com-
mission to determine the right mix of hedging instru-
ments. For example, if evidence points to customers

12 The reason for this is that even though consumers (who are
assumed to be risk averse) end up paying higher prices they benefit
from knowing that hedging would prevent them from having to pay
extremely high prices.
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being only concerned with avoiding catastrophic prices,
such as natural gas prices above $8 per Mcf, then options
and swaps may be the preferred financial instruments,
rather than collars and futures contracts. As an illus-
tration, with the objective of avoiding extremely high
prices, the optimal approach for a utility might be to
purchase inexpensive call options with a strike price far
in excess of the current or expected market price.

The lack of precise information on the value cus-
tomers place on hedging and what constitutes a least-cost
hedging strategy complicates both the utility defense of
its strategy and its evaluation by a commission. One
implication of this is that a utility may be hard pressed
to demonstrate up-front or after-the-fact that its plan is
or was reasonably compatible with consumer interests
and least cost in nature. As argued here, the commission
should then assume the role of an agent on behalf of
consumers in determining both the level of hedging and
the mix of hedging instruments to be used.*®* Of course,
if a prudence review is conducted, presumably there is
a rebuttable presumption that the utility acted prudently,
with the burden shifted to other parties in providing evi-
dence that the utility acted imprudently given the infor-
mation it had and should have had at the time of its
decision.*

It should be noted that in executing a hedging plan a
utility would likely be making numerous decisions
throughout the period of its plan. An effective hedging
plan would often require the utility or its contractor to
pro-actively make critical decisions at times of changing
market conditions. To say differently, agood plan would
provide the utility with flexibility to adapt to varied mar-
ket conditions. Those contesting a utility’s recovery of
hedging cost after-the-fact would therefore have to
evaluate al of the key decisions made by the utility over
the time horizon of the hedging plan. Along with trying
to argue that a utility’'s hedging plan was imprudent
because it failed to explicitly take into account con-
sumers' preferences for stable prices or the relative costs
of different hedging instruments, this dynamic decision-

13 In a genera sense, a public utility commission is seen by most
regulatory experts as an agent for consumers in its role of protecting
them against exploitation by a utility granted ex facto monopoly status.

14 In practice, however, the regulator may reguire the utility to dem-
onstrate that its actions were prudent.

making process further complicates a showing of
imprudence.

6. Conclusion

This paper proposes that good regulation would
include (1) pre-approval of a hedging plan (as noted earl-
ier, hedging is especially susceptible to 20-20 hindsight
review when it results in higher average cost during a
time of unexpected falling natural gas prices), (2) a
review of the actual costs incurred in carrying out the
hedging plan as to their conformance with the tactics
incorporated into the pre-approved plan (with pre-
approval, the scope of prudence reviews would be gre-
atly narrowed), and (3) a recognition that hedging with
financial instruments represents an activity distinct from
traditional gas procurement. Under this regulatory pol-
icy, the utility would be required to provide sufficient
support up-front if it expects to receive pre-approval of
its hedging plan. Data and analytical limitations pre-
clude, however, finding the optimal hedging plan.

At best, commissions can only judge whether a parti-
cular hedging plan seems reasonable and at least in line
with a rough assessment of customers' preferences and
other information available at the time. A margin of error
inevitably exists in the development of any hedging plan.
Commissions should be cognizant of this reality in sign-
ing off on a utility’s plan as well as in any prudence
review that may occur later.
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ABOUT THIS REPORT

AUDIENCE

This report is primarily addressed to state regulatory utility
commissioners, who will preside over some of the most
important investments in the history of the U.S. electric power
sector during perhaps its most challenging and tumultuous
period. This report seeks to provide regulators with a thorough
discussion of risk, and to suggest an approach—"risk-aware
regulation”—whereby regulators can explicitly and proactively
seek to identify, understand and minimize the risks associated
with electric utility resource investment. It is hoped that this
approach will result in the efficient deployment of capital, the
continued financial health of utilities, and the confidence and
satisfaction of the customers on whose behalf utilities invest.

Additionally, this report seeks to present a unique discussion of
risk and a perspective on appropriate regulatory approaches for
addressing it that will interest numerous secondary audiences,
including utility managements, financial analysts, investors,
electricity consumers, advocates, state legislatures and
energy offices, and other stakeholders with a particular interest
in ensuring that electric system resource investments—which
could soon reach unprecedented levels—are made thoughtfully,
transparently and in full consideration of all associated risks.

SCOPE

While we believe that the approach described herein is
applicable to a broad range of decisions facing state
regulators, the report focuses primarily on resource
investment decisions by investor-owned electric utilities
(I0Us), which constitute roughly 70 percent of the U.S.
electric power industry. The findings and recommendations
may be of particular interest to regulators in states facing
substantial coal generating capacity retirements and
evaluating a spectrum of resource investment options.
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Today’s electric industry faces a stunning investment cycle.
Across the country, the infrastructure is aging, with very old
parts of the power plant fleet and electric and gas delivery
systems needing to be replaced. The regulatory environment
is shifting dramatically as rules tighten on air pollution from
fossil-burning power plants. Fossil fuel price outlooks have
shifted. New options for energy efficiency, renewable energy,
distributed generation, and smart grid and consumer
technologies are pressing everyone to think differently about
energy and the companies that provide it. Customers expect
reliable electricity and count on good decisions of others to
provide it.

The critical nature of this moment and the choices ahead are
the subject of this report. It speaks to key decision-makers,
such as: state regulators who have a critical role in determining
utility capital investment decisions; utility executives managing
their businesses in this era of uncertainty; investors who
provide the key capital for utilities; and others involved in
regulatory proceedings and with a stake in their outcomes.

The report lays out a suite of game-changing recommendations
for handling the tremendous investment challenge facing the
industry. As much as $100 billion will be invested each year
for the next 20 years, roughly double recent levels. A large
portion of those investments will be made by non-utility
companies operating in competitive markets. But another
large share will be made by utilities—with their (and their key
investors’) decisions being greatly affected by state regulatory
policies and practices.

This is no time for backward-looking decision making. It is
vital—for electricity consumers and utilities’ own economic
viability—that their investment decisions reflect the needs of
tomorrow’s cleaner and smarter 21 century infrastructure
and avoid investing in yesterday’s technologies. The authors
provide useful advice to state regulators on how they can
play a more proactive role in helping frame how electric
utilities face these investment challenges.
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A key report conclusion in this regard: sensible, safe investment
strategies, based on the report’s detailed cost and risk analysis
of a wide range of generation resources, should include:

Diversifying energy resource portfolios rather than
“betting the farm” on a narrow set of options (e.g., fossil
fuel generation technologies and nuclear);

More emphasis on renewable energy resources such as
onshore wind and distributed and utility-scale solar;

More emphasis on energy efficiency, which the report
shows is utilities’ lowest-cost, lowest-risk resource.

At its heart, this report is a call for “risk-aware regulation.”
With an estimated $2 trillion of utility capital investment in
long-lived infrastructure on the line over the next 20 years,
regulators must focus unprecedented attention to risk—not
simply keeping costs down today, but minimizing overall costs
over the long term, especially in the face of possible surprises.
And utilities” use of robust planning tools needs to be sharpened
to incorporate risk identification, analysis, and management.

This report offers some good news amid pervasive uncertainty:
the authors point out that planning the lowest-cost, lowest
risk investment route aligns with a low-carbon future. From

a risk management standpoint, diversifying utility portfolios
today by expanding investment in clean energy and energy
efficiency makes sense regardless of how and when carbon
controls come into play. Placing too many bets on the
conventional basket of generation technologies is the highest-
risk route, in the authors’ analysis.

We're in a new world now, with many opportunities as well as
risks. More than ever, the true risks and costs of utility
investments should be made explicit and carefully considered
as decisions on multi-billion-dollar commitments are made.

As the industry evolves, so too must its regulatory frameworks.
The authors point out why and offer guidance about how.
This is news regulators and the industry can use.

Susan F. Tierney
Managing Principal
Analysis Group
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EXECUTIVE SUMMARY

CONTEXT: INCREASING CAPITAL INVESTMENT BY
U.S. ELECTRIC UTILITIES AMID HISTORIC UNCERTAINTY AND RISK

The U.S. electric utility industry, which has remained largely
stable and predictable during its first century of existence,
now faces tremendous challenges. Navigant Consulting
recently observed that “the changes underway in the 21¢
century electric power sector create a level and complexity
of risks that is perhaps unprecedented in the industry’s
history.”! These challenges include:

an aging generation fleet and distribution system, and
a need to expand transmission;

increasingly stringent environmental regulation limiting
pollutants and greenhouse gases;?
disruptive changes in the economics of coal and natural gas; Many of these same factors are driving historic levels of utility
rapidly evolving smart grid technologies enabling greater investment. It is estimated that the U.S. electricity industry
customer control and choice; could invest as much as $100 billion each year for 20
increased policy maker emphasis on demand-side years*—roughly twice recent investment levels. This level of

investment will double the net invested capital in the U.S.
electricity system by 2030. Moreover, these infrastructure
investments are long lived: generation, transmission and

resources requiring new regulatory approaches and utility
business models;

competition from growth in distributed generation; distribution assets can have expected useful lives of 30 or

slow demand growth due to protracted economic 40 years or longer. This means that many of these assets
recovery and high unemployment; will likely still be operating in 2050, when electric power

substantially weakened industry financial metrics and credit producers may be required to reduce greenhouse gas
ratings, with over three-quarters of companies in the sector emissions by 80 percent or more to avoid potentially
rated three notches or less above “junk bond” status.? catastrophic impacts from climate change.

1 Forrest Small and Lisa Frantzis, The 215 Century Electric Utility: Positioning for a Low-Carbon Future, Navigant Consulting (Boston, MA: Ceres, 2010), 28, http://www.ceres.org/resources/reports/the-
21st-century-electric-utility-positioning-for-a-low-carbon-future-1.

2 Estimates of U.S. coal-fired generating capacity that could be retired in the 2015-2020 timeframe as a result of forthcoming U.S. Environmental Protection Agency (EPA) air quality regulations range from 10 to
70 gigawatts, or between three and 22 percent of U.S. coal-fired generation capacity. Forthcoming EPA water quality regulations could require the installation of costly cooling towers on more than 400 power
plants that provide more than a quarter of all U.S. electricity generation. See Susan Tierney, “Electric Reliability under New EPA Power Plant Regulations: A Field Guide,” World Resources Institute, January 18,
2011, http://www.wri.org/stories/2011/01/electric-reliability-under-new-epa-power-plant-regulations-field-guide.

Companies in the sector include investor-owned utilities (I0Us), utility holding companies and non-regulated affiliates.

Marc Chupka et al., Transforming America’s Power Industry: The Investment Challenge 2010-2030, The Brattle Group (Washington DC: The Edison Foundation, 2008), vi,
http://www.brattle.com/_documents/UploadLibrary/Upload725.pdf. Brattle’s investment estimates apply to the entire U.S. electric utility industry, including I0Us, electric cooperatives and
government-owned utilities. From 2000-05, overall annual capital expenditures by U.S. I0Us averaged roughly $48 billion; from 2006-10 that number climbed to $74 billion; see Edison Electric
Institute, 2010 Financial Review: Annual Report of the U.S. Shareholder-Owned Electric Utility Industry (Washington DC: Edison Electric Institute, 2011), 18,
http://www.eei.org/whatwedo/DataAnalysis/IndusFinanAnalysis/finreview/Documents/FR2010_FullReport_web.pdf.
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Greatly increased utility investment combined with minimal,
zero or even declining electricity demand growth means that
retail electricity prices for consumers will rise sharply,
claiming a greater share of household disposable income
and likely leading to ratepayer resistance.® Because the U.S.
economy was built on relatively cheap electricity—the only
thing many U.S. consumers and businesses have ever
known—credit rating agencies are concerned about what
this dynamic could mean for utilities in the long term. Rating
analysts also point out that the overall credit profile for
investor-owned utilities (IOUs) could decline even further
since utilities’ operating cash flows won't be sufficient to
satisfy their ongoing investment needs.®

It falls to state electricity regulators to ensure that the large
amount of capital invested by utilities over the next two
decades is deployed wisely. Poor decisions could harm the
U.S. economy and its global competitiveness; cost
ratepayers, investors and taxpayers hundreds of billions of
dollars; and have costly impacts on the environment and
public health.

To navigate these difficult times, it is essential that regulators
understand the risks involved in resource selection, correct
for biases inherent in utility regulation, and keep in mind the
long-term impact that their decisions will have on consumers
and society. To do this, regulators must look outside the
boundaries established by regulatory tradition.
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CHALLENGES TO
EFFECTIVE REGULATION

To be effective in the 215t century, regulators will need to be
especially attentive to two areas: identifying and addressing
risk; and overcoming regulatory biases.

Risk arises when there is potential harm from an adverse
event that can occur with some degree of probability. Put
another way, risk is “the expected value of a potential loss.”
Higher risk for a resource or portfolio means that more value
is at stake or that the likelihood of a financial loss is greater,
or both.

Risks for electric system resources have both time-related
and cost-related aspects. Cost risks reflect the possibility
that an investment will not cost what one expects, or that
cost recovery for the investment will differ from expectations.
Time risks reflect the possibility that circumstances will
change over the life of the investment and materially affect
both the cost of the investment and the degree to which it
benefits consumers. Figure ES-1 summarizes the many
varieties of risk for utility resource investment.

Risk is the expected value of a potential loss.
Higher risk for a resource or portfolio means that
more value is at stake or that the likelihood of

a financial loss is greater, or hoth.

@ Figure ES-1

VARIETIES OF RISK FOR UTILITY RESOURCE INVESTMENT

Cost-related

» Construction costs higher than anticipated

» Availability and cost of capital underestimated

» Operation costs higher than anticipated

» Fuel costs exceed original estimates, or alternative fuel costs drop
» Investment so large that it threatens a firm

» Imprudent management practices occur

» Resource constraints (e.g., water)

» Rate shock: regulators won't put costs into rates

Time-related

» Construction delays occur

» Competitive pressures; market changes

» Environmental rules change

» Load grows less than expected; excess capacity
» Better supply options materialize

» Catastrophic loss of plant occurs

» Auxiliary resources (e.g., transmission) delayed
» Other government policy and fiscal changes

5 Moody’s Investors Service, Special Comment: The 21 Century Electric Utility (New York: Moody’s Investors Service, 2010). Importantly, customers who currently enjoy the lowest electricity rates can
expect the largest rate increases, in relative terms, as providers of cheap, coal-generated electricity install costly pollution controls or replace old coal-fired units with more expensive new resources.
This dynamic could prove especially challenging for regulators, utilities and consumers in the heavily coal-dependent Midwest.

6 Richard Cortright, “Testimony before the Pennsylvania Public Utility Commission,” Harrisburg, Pennsylvania, November 19, 2009, http://www.puc.state.pa.us/general/RegulatoryInfo/pdf/ARRA_Testimony-SPRS. pdf.
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Three observations about risk should bhe stressed:

1. Risk cannot be eliminated, but it can be managed and
minimized. Since risks are defined as probabilities, it is
by definition probable that some risks will be realized—
that, sooner or later, risk will translate into dollars for
consumers, investors or both. This report concludes with
recommendations for how regulators can minimize risk by
practicing “risk-aware regulation.”

2. Itis unlikely that consumers will bear the full cost of poor
utility resource investment decisions. The very large amount
of capital investment that’s being contemplated and the
resulting upward pressure on electricity rates will make it very
unappealing (or simply untenable) for regulators to burden
ratepayers with the full cost of utility mistakes. As a result,
it is likely that utility investors (specifically shareholders) will
be more exposed to losses resulting from poor utility investment
decisions than in years past.

3. Ignoring risk is not a viable strategy. Regulators (and utilities)
cannot avoid risk by failing to make decisions or by relying on
fate. Following a practice just because “it's always been done
that way,” instead of making a fresh assessment of risk and
attempting to limit that risk, is asking for trouble.

\. J

Traditional utility regulation also contains several built-in biases
that effective regulators must overcome.” These biases, which
result in part from the incentives that traditional regulation
provides to utilities, encourage utilities to invest more than is
optimal for their customers—which is to say, more than is
optimal for the provision of safe, reliable, affordable and
environmentally sustainable electricity—and discourage them
from investing in the lowest-cost, lowest-risk resources (namely,
demand-side resources such as energy efficiency) that provide
substantial benefits to ratepayers and local economies. Bias
can also lead utilities to seek to exploit regulatory and legislative
processes as a means of increasing profits (rather than,

for example, improving their own operational efficiencies).
Finally, regulators face an inherent information deficit when
dealing with utility managements. This can hamper effective
collaboration around utility planning, which is arguably the
most important function of electricity regulation today.
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COSTS AND RISKS OF
NEW GENERATION RESOURCES

We closely examine costs and risks of new generation resources
for several reasons. First, as the largest share of utility spending
in the current build cycle, generation investment is where the
largest amount of consumer and investor dollars is at risk.
Also, today’s decisions about generation investment can
trigger substantial future investments in transmission and
distribution infrastructure. Proposed power plants can be a
lightning rod for controversy, heightening public scrutiny of
regulatory and corporate decision-makers. Finally, poor
investment decisions about generation resources in 10Us’
last major build cycle resulted in tens of billions of dollars of
losses for consumers and shareholders.® For these and other
reasons, it is especially important that regulators address,
manage and minimize the risks associated with utility
investments in new generation resources.’

Ignoring risk is not a viahle strategy. Regulators
(and utilities) cannot avoid risk by failing to make
decisions or by relying on fate.

Acquiring new electric system resources involves dimensions
of both cost and risk. Of these two dimensions, the tools for
estimating the cost elements of new generation, while
imperfect, are more fully developed than the risk-related
tools. As a starting point for our examination of the relative
cost and risk of new generation resources, we rank a wide
range of supply-side resources and one demand-side
resource (energy efficiency) according to their levelized cost
of electricity, or “LCOE” (Figure ES-2, p. 8).1° This ranking
is based on 2010 data and does not include recent cost
increases for nuclear or cost decreases for solar PV and
wind. Because carbon controls could add significant costs to
certain technologies but the exact timing and extent of these
costs is unknown, we include a moderate estimate for carbon
cost for fossil-fueled resources. And because incentives such
as tax credits and loan guarantees can significantly affect
LCOE, we examine the LCOE range for each technology with
and without incentives where applicable.

7
8

10

These biases, which are discussed further in the report, are information asymmetry; the Averch-Johnson effect; the throughput incentive; “rent-seeking”; and the “bigger-is-better” bias.

Frank Huntowski, Neil Fisher, and Aaron Patterson, Embrace Electric Competition or It's Déja Vu All Over Again (Concord, MA: The NorthBridge Group, 2008), 18, http://www.nbgroup.com/publications/Embrace_
Electric_Competition_Or_lts_Deja_Vu_All_Over_Again.pdf. The NorthBridge Group estimates that ratepayers, taxpayers and investors were saddled with $200 billion (in 2007 dollars) in “above-market” costs
associated with the build cycle of the 1970s and 80s. Between 1981-91, shareholders lost roughly $19 billion as a result of regulatory disallowances of power plant investments by some regulated utilities; see
Thomas P. Lyon and John W. Mayo, “Regulatory opportunism and investment behavior: evidence from the U.S. electric utility industry,” Rand Journal of Economics, Vol. 36, No. 3 (Autumn 2005): 628-44,
http://webuser.bus.umich.edu/tplyon/PDF/Published %20Papers/Lyon % 20Mayo%20RAND%202005.pdf. The potential for negative consequences is probably higher today; since the 1980s, electric demand
has grown significantly while the environmental risks associated with utility operations, the costs of developing new generation resources, and the pace of technology development have all increased substantially.
While our analysis of risks and costs of new generation resources may be of most interest to regulators in “vertically-integrated” states (where utilities own or control their own generation), it also has implications for
regulators in restructured states. Regulators in all states can direct electric utilities to invest in cost-effective demand-side resources, which, as this report makes clear, are utilities’ lowest-cost and lowest-risk resources.
LCOE indicates the cost per megawatt-hour for electricity over the life of the plant, encompassing all expected costs (e.g., capital, operations and maintenance, and fuel). We primarily reference
LCOE data compiled by the Union of Concerned Scientists (UCS), which aggregates three common sources of largely consensus LCOE data: the U.S. Energy Information Administration (EIA), the
California Energy Commission (CEC) and the investment firm Lazard; see Barbara Freese et al., A Risky Proposition (Cambridge, MA: Union of Concerned Scientists, 2011),
http://www.ucsusa.org/assets/documents/clean_energy/a-risky-proposition_report.pdf. LCOE costs for technologies not included in UCS’s analysis (viz., biomass co-firing, combined cycle natural gas
generation with CCS, and distributed solar) were estimated by the authors based on comparable resources referenced by UCS.
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@ Figure ES-2 @ Figure ES-3

RELATIVE COST RANKING OF RELATIVE RISK RANKING OF

NEW GENERATION RESOURCES NEW GENERATION RESOURCES

HIGHEST LEVELIZED COST
OF ELECTRICITY (2010) HIGHEST COMPOSITE RISK

il

0a 0a = w/ incentives
Nuclear* Natural Gas CC-CCS
Coal IGCC-CCS w/ incentives Biomass
Coal IGCC w/ incentives Coal IGCC w/ incentives
Large Solar PV w/ incentives® Natural Gas CC
Pulverized Coal Biomass w/ incentives
Nuclear w/ incentives* Geothermal
Biomass Biomass Co-firing
Geothermal Geothermal w/ incentives

Solar Thermal
Solar Thermal w/ incentives

Biomass w incentives
Natural Gas CC-CCS
Geothermal w/ incentives Large Solar PV
Onshore Wind* Large Solar PV w/incentives
Natural Gas CC

Onshore Wind

LOWEST LEVELIZED COST LOWEST COMPOSITE RISK
OF ELECTRICITY (2010)

* Cost ranking based on 2010 data. Does not reflect recent cost increases for nuclear or cost decreases for solar PV and wind.

But the LCOE ranking tells only part of the story. The price for Water Constraint Risk: includes the availability and cost
any resource in this list does not take into account the relative of cooling and process water
risk of acquiring it. To establish relgtive‘risk of new ggneration Capital Shock Risk: includes availability and cost of
resources, we return to the.man.y risks |dent|f|§d in Flgu‘re capital, and risk to firm due to project size
ES-1 and compress those risks into seven main categories: . I . .
Planning Risk: includes risk of inaccurate load forecasts,
Construction Cost Risk: includes unplanned cost competitive pressure
increases, delays and imprudent utility actions We then evaluate each resource profiled in the LCOE ranking
Fuel and Operating Cost Risk: includes fuel cost and and apply our informed judgment to quantify each resource’s
availability, as well as O&M cost risks relative exposure to each type of risk.!! This allows us to
New Regulation Risk: includes air and water quality establish a composite risk score for each resource (with the
rules, waste disposal, land use, and zoning highest score indicating the highest risk) and rank them

Carbon Price Risk: includes state or federal limits on according to their relative composite risk profile (Figure ES-3).

greenhouse gas emissions
__________________________________________________________________________________________________________________________________________________________________|

11 Risk exposure in each risk category ranges from “None” to “Very High.” We assigned scores (None = 0, Very High = 4) to each risk category for each resource and then summed them to establish
an indicative quantitative ranking of composite risk. We also tested the robustness of the risk ranking by calculating two additional rankings of the risk scores: one that overweighted the cost-related
risk categories and one that overweighted the environmental-related risk categories.

a
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@ Figure ES-4
PROJECTED UTILITY GENERATION RESOURCES IN 2015

Relative Cost and Relative Risk

centives ¢

nEm>

Large Solar PV w/ incentives

*

INCREASING COST (LCOE)

Coal IGCC-CCS v
Coal IGCC w/ incentive

Geothermal ¢
Biomass w/ incentives €

Geothermal w/ incentives

INCREASING RISK | [mp>

Biomass ¢

The risk ranking differs from the cost ranking in several
important ways. First, the risk ranking shows a clear division
between renewable resources and non-renewable resources.
Second, nuclear generation moves from the middle of the
cost ranking to the top of the risk ranking. Notably, energy
efficiency ranks lowest in both cost and risk.

With largely consensus quantitative LCOE data, and having
developed indicative composite risk scores for each resource,
we can summarize relative risks and costs of utility
generation resources in a single graph (Figure ES-4).12

While this report focuses on new generation
resources, the approach to “risk-aware regulation”

3 described herein works equally well for the “retire
or retrofit” decisions concerning existing coal plants
facing regulators and utilities in many states.

While this report focuses on new generation resources, the
approach to “risk-aware regulation” described herein works
equally well for the “retire or retrofit” decisions concerning
existing coal plants facing regulators and utilities in many
states. The question for regulators is whether to approve coal
plant closures in the face of new and future EPA regulations,
or to approve utility investments in costly pollution controls to
keep the plants running. Regulators should treat this much
like an IRP proceeding: utilities should be required to present
multiple scenarios differing in their disposition of the coal
plants. The cost and risk of each scenario should be tested
using sensitivities for fuel costs, environmental requirements,
cost of capital, and so forth. In the end, regulators should
enter a decision that addresses all of the relevant risks.

12 Resources are assumed to come online in 2015.
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PRACTICING RISK-AWARE REGULATION:
SEVEN ESSENTIAL STRATEGIES FOR STATE REGULATORS

MANAGING RISK INTELLIGENTLY IS ARGUABLY THE MAIN DUTY OF REGULATORS
WHO OVERSEE UTILITY INVESTMENT. EFFECTIVELY MANAGING RISK IS NOT SIMPLY
ACHIEVING THE LEAST COST TODAY, BUT RATHER IS PART OF A STRATEGY TO
MINIMIZE OVERALL COSTS OVER THE LONG TERM. WE IDENTIFY SEVEN ESSENTIAL
STRATEGIES THAT REGULATORS SHOULD EMPLQOY TO MANAGE AND MINIMIZE RISK:

energy efficiency. Diversification—investing in different asset classes with different risk profiles—
is what allows investors to reduce risk (or “volatility”) in their investment portfolios. Similarly,
diversifying a utility portfolio by including various supply and demand-side resources that behave
independently from each other in different future scenarios reduces the portfolio’s overall risk.

E UTILIZING ROBUST PLANNING PROCESSES for all utility investment. In many vertically

n DIVERSIFYING UTILITY SUPPLY PORTFOLIOS with an emphasis on low-carbon resources and

integrated markets and in some organized markets, regulators use “integrated resource planning”
(IRP) to oversee utilities’ capital investments. IRP is an important tool to ensure that the utilities,
regulators and other stakeholders have a common understanding of a full spectrum of utility
resource options; that the options are examined in a structured, disciplined way; that demand-side
resources get equal consideration alongside supply-side resources; and that the final resource plan
is understood by all.

EMPLOYING TRANSPARENT RATEMAKING PRACTICES that reveal risk. For example,

E allowing a current return on construction work in progress (CWIP) to enable utilities to finance large
projects doesn’t actually reduce risk but rather transfers it from the utility to consumers.'3 While
analysts and some regulators favor this approach, its use can obscure a project’s risk and create
a “moral hazard” for utilities to undertake more risky investments. Utility investment in the lowest-
cost and lowest-risk resource, energy efficiency, requires regulatory adjustments that may include
decoupling utility revenues from sales and performance-based financial incentives.

USING FINANCIAL AND PHYSICAL HEDGES, including long-term contracts. These allow utilities to
lock in a price (e.g., for fuel), thereby avoiding the risk of higher market prices later. But these options
must be used carefully since using them can foreclose an opportunity to enjoy lower market prices.

HOLDING UTILITIES ACCOUNTABLE for their obligations and commitments. This helps to
create a consistent, stable regulatory environment, which is highly valued in the marketplace and
ensures that agreed-upon resource plans become reality.

OPERATING IN ACTIVE, “LEGISLATIVE” MODE, continually seeking out and addressing risk.
In “judicial mode,” a regulator takes in evidence in formal settings and resolves disputes; in
contrast, a regulator operating in “legislative mode” proactively seeks to gather all relevant
information and to find solutions to future challenges.

REFORMING AND RE-INVENTING RATEMAKING POLICIES as appropriate. Today's energy
industry faces disruptions similar to those experienced by the telecommunications industry over the
past two decades, which led regulators to modernize their tools and experiment with various types
of incentive regulation. One area where electricity regulators might profitably question existing
practices is rate design; existing pricing structures should be reviewed for the incentives they
provide for customers and the outcomes they create for utilities.

N /

[ =]

13 For example, the use of CWIP financing in Florida could result in Progress Energy customers paying the utility more than $1 billion for a new nuclear plant (the Levy County Nuclear Power Plant) that
may never be built. Florida state law prohibits ratepayers from recouping their investment in Levy or other CWIP-financed projects.

A
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Careful planning is the regulator’s primary risk management
tool. A recently completed IRP by the Tennessee Valley
Authority (TVA) illustrates how robust planning enables risk-
aware resource choices and avoids higher-cost, higher-risk
supply portfolios. TVA considered five resource strategies and
subjected each to extensive scenario analysis. Figure ES-5
shows how these strategies mapped out along an “efficient
frontier” according to TVA's analysis of cost and risk.! The
highest-cost, highest-risk strategies were those that
maintained TVA's current resource portfolio! or emphasized
new nuclear plant construction. The lowest-cost, lowest-risk
strategies were the ones that diversified TVA's resource
portfolio by increasing TVA's investment in energy efficiency
and renewable energy. The TVA analysis is careful and
deliberate; analyses by other utilities that reach significantly
different thematic conclusions must be scrutinized carefully
to examine whether the costs and risks of all resources have
been properly evaluated.

@ Figure ES-5

TVA ANALYSIS OF RESOURCE PLAN COSTS & FINANCIAL RISK

$136
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A Strategy E: EEDR (Energy Efficiency/Demand Response)
and Renewables Focused Resource Portfolio
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Updating traditional practices will require effort and
commitment from regulators and regulatory staff. Is it worth
it? This report identifies numerous benefits from practicing
“risk-aware regulation”:

Consumer benefits from improved regulatory decision-
making and risk management, leading to greater utility
investment in lower-cost, lower-risk resources;

Utility benefits in the form of a more stable, predictable
business environment that enhances long-term planning
capabilities;

Investor benefits resulting from lowered threats to utility
cost recovery, which simultaneously preserves utility
credit quality and capital markets access and keeps
financing costs low, benefitting all stakeholders;

Systemic regulatory benefits resulting from expanded
transparency, inclusion and sophistication in the
regulatory process, thereby strengthening stakeholder
relationships, building trust and improving policy maker
understanding of energy options—all of which enhances
regulators’ ability to do their jobs;

Broad societal benefits flowing from a cleaner, smarter,
more resilient electricity system.

With two trillion dollars on the line, both the stakes and the
potential benefits are high. If history is a guide, fewer than
700 state regulators will serve in office during the next 20

years. Practicing risk-aware regulation will enable them to

avoid expensive mistakes and identify the most important

utility investments for realizing the promise of an advanced
215t century electricity system.

the least cost today, but rather is part of a strategy

3 Effectively managing risk is not simply achieving
to minimize overall costs over the long term.

14 Tennessee Valley Authority (TVA), TVA's Environmental and Energy Future (Knoxville, TN: Tennessee Valley Authority, 2011), 161,

http://www.tva.com/environment/reports/irp/pdf/Final_IRP_complete.pdf.

15 As of spring 2010, TVA's generation mix consisted mainly of coal (40 percent), natural gas (25 percent) and nuclear (18 percent) (TVA, 73).
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CONCLUSIONS &
RECOMMENDATIONS

The U.S. electric utility industry has entered what may
be the most uncertain, complex and risky period in its
history. Several forces will conspire to make the next two
decades especially challenging for electric utilities: large
investment requirements, stricter environmental controls,
decarbonization, changing energy economics, rapidly
evolving technologies and reduced load growth. Succeeding
with this investment challenge—building a smarter,
cleaner, more resilient electric system for the 21t century
at the lowest overall risk and cost—will require
commitment, collaboration, shared understanding,
transparency and accountability among regulators, policy
makers, utilities and a wide range of stakeholders.

These challenges call for new utility business models
and new regulatory paradigms. Both regulators and
utilities need to evolve beyond historical practice. Today’s
electricity industry presents challenges that traditional
electricity regulation did not anticipate and cannot fully
address. Similarly, the constraints and opportunities for
electric utilities going forward are very different than they
were a century ago, when the traditional (and still
predominant) utility business model emerged.

Regulators must recognize the incentives and biases that
attend traditional regulation, and should review and reform
their approaches to resource planning, ratemaking and
utility cost recovery accordingly. Utilities must endorse
regulatory efforts to minimize investment risks on behalf
of consumers and utility shareholders. This means
promoting an inclusive and transparent planning process,
diversifying resource portfolios, supporting forward-looking
regulatory policies, continually reevaluating their strategies
and shaking off “we’ve always done it that way” thinking.

PRACTICING RISK-AWARE ELECTRICITY REGULATION

Avoiding expensive utility investment mistakes will
require improved approaches to risk management

in the regulatory process. One of the most important
duties of a 215t century electricity regulator is to
understand, examine and manage the risk inherent in
utility resource selection. Existing regulatory tools often
lack the sophistication to do this effectively.

Higher risk for a resource or portfolio means that more
value is at stake or that the likelihood of a financial loss is
greater, or both. Our analysis across seven major risk
categories reveals that, almost without exception, the
riskiest resources—the ones that could cause the most
financial harm—are large base load fossil and nuclear
plants. It is therefore especially important that regulators
and utilities explicitly address and manage risk when
considering the development of these resources.

Regulators practicing “risk-aware regulation” must exhaust
lower-risk investment options like energy efficiency before
allowing utilities to commit huge sums to higher-risk
projects. Regulators should immediately notify regulated
utilities of their intention to address risks more directly,
and then begin explicitly to include risk assessment in all
decisions about utility resource acquisition.

More than ever, ratepayer funding is a precious resource.
Large investment requirements coupled with flat or
decreasing load growth will mean higher utility rates for
consumers. Increased consumer and political resistance
to rising electricity bills, and especially to paying for
expensive mistakes, leaves much less room for error in
resource investment decisions and could pose a threat
to utility earnings.



Risk shifting is not risk minimization. Some regulatory
practices that are commonly perceived to reduce risk
(e.g., construction work in progress financing, or “CWIP")
merely transfer risk from the utility to consumers. This
risk shifting can inhibit the deployment of attractive lower-
cost, lower-risk resources. Regulatory practices that shift
risk must be closely scrutinized to see if they actually
increase risk—for consumers in the short term, and for
utilities and shareholders in the longer term.

Investors are more vulnerable than in the past. During
the 1980s, power plant construction cost overruns and
findings of utility mismanagement led regulators to disallow
more than six percent of utilities” overall capital investment,
costing shareholders roughly $19 billion. There will be
even less tolerance for errors in the upcoming build cycle
and more pressure on regulators to protect consumers.
Investors should closely monitor utilities’ large capex
decisions and consider how the regulatory practice
addresses the risk of these investments. Investors should
also observe how the business models and resource
portfolios of specific utilities are changing, and consider
engaging with utility managements on their business
strategies going forward.

Cost recovery mechanisms currently viewed positively
by the investment community including the rating
agencies could pose longer-term threats to utilities
and investors. Mechanisms like CWIP provide utilities
with the assurance of cost recovery before the outlay is
made. This could incentivize utilities to take on higher-
risk projects, possibly threatening ultimate cost recovery
and deteriorating the utility’s regulatory and business
environment in the long run.
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Some successful strategies for managing risk are

already evident. Regulators and utilities should pursue
diversification of utility portfolios, adding energy efficiency,
demand response, and renewable energy resources to the
portfolio mix. Including a mix of supply and demand-side
resources, distributed and centralized resources, and
fossil and non-fossil generation provides important risk
management benefits to resource portfolios because each
type of resource behaves independently from the others
in different future scenarios. In the other direction, failing
to diversify resources, “betting the farm” on a narrow set
of large resources, and ignoring potentially disruptive
future scenarios is asking for trouble.

Including a mix of supply and demand-side resources,
distributed and centralized resources, and fossil
and non-fossil generation provides important risk
management benefits to resource portfolios because
each type of resource hehaves independently from
the others in different future scenarios.

Regulators have important tools at their disposal.

Careful planning is the regulator’s primary tool for risk
mitigation. This is true for regulators in both vertically-
integrated and restructured electricity markets. Effective
resource planning considers a wide variety of resources,
examines possible future scenarios and considers the risk
of various portfolios. Regulators should employ transparent
ratemaking practices that reveal and do not obscure the
level of risk inherent in a resource choice; they should
selectively apply financial and physical hedges, including
long-term contracts. Importantly, they must hold utilities
accountable for their obligations and commitments.

CONCLUSIONS & RECOMMENDATIONS ﬁ
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1. CONTEXT:

INCREASING CAPITAL INVESTMENT BY U.S. ELECTRIC UTILITIES
AMID HISTORIC UNCERTAINTY & RISK

U.S. ELECTRIC UTILITIES ARE FACING A SET OF CHALLENGES UNPARALLELED IN THE INDUSTRY’S
HISTORY, PROVIDING MANY REASONS TO CONCLUDE THAT THE TRADITIONAL PRACTICES OF
UTILITIES AND THEIR REGULATORS MUST BE UPDATED TO ADD A SHARPER FOCUS ON RISK

MANAGEMENT IN THE REGULATORY PROCESS.

Consider the forces acting on the electricity sector in 2012:

an aging generation fleet;
infrastructure upgrades to the distribution system;

(NI

increasingly stringent environmental regulation limiting
pollutants and greenhouse gases;'®

disruptive changes in the economics of coal and natural gas;
new transmission investments;

[\

rapidly evolving smart grid technologies enabling greater
customer control and choice;

[\ |

increased policy maker emphasis on demand-side
resources requiring new regulatory approaches and utility
business models;

competition from growth in distributed generation;

(\ [\

slow demand growth due to protracted economic
recovery and high unemployment;

tight credit in a difficult economy and substantially
weakened industry financial metrics and credit ratings.

In a recent book, Peter Fox-Penner, principal and chairman
emeritus of the Brattle Group, concluded that the sum of
these forces is leading to a “second revolution” in the electric
power industry.!” Navigant Consulting has observed that “the
changes underway in the 215 century electric power sector
create a level and complexity of risks that is perhaps
unprecedented in the industry’s history.”18

THE INVESTMENT CHALLENGE

The United States electric utility industry is a network of
approximately 3,300 investor-owned utilities (IOUs), cooperative
associations and government entities. In addition, about 1,100

16  See footnote 2.

17  Peter Fox-Penner, Smart Power (Washington DC: Island Press, 2010). The “first revolution” was triggered by George Westinghouse, Thomas Edison, Nicola Tesla, Samuel Insull and others more than

a century ago.
18 Small and Frantzis, The 21° Century Electric Utility, 28.

independent power producers sell power to utilities, either

under contract or through auction markets. The net asset value
of the plant in service for all U.S. electric utilities in 2010 was
about $1.1 trillion, broken down as $765 billion for IOUs, about
$200 billion for municipal (publicly-owned) utilities (or “munis”),
and $112 billion for rural electric cooperatives (or “co-ops”).1?

IOUs therefore constitute the largest segment of the U.S.
electric power industry, serving roughly 70 percent of the
U.S. population. Figure 1 illustrates I0Us’ capital
expenditures from 2000-2010 and captures the start of the
current “build cycle,” beginning in 2006.2° Between 2006
and 2010, capital spending by IOUs—for generation,
transmission and distribution systems—was about 10 percent
of the firms’ net plant in service.

@ Figure 1
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19 See U.S. Energy Information Administration, “Electric Power Industry Overview 2007,” http://www.eia.gov/cneaf/electricity/page/prim2/toc2.html; National Rural Electric Cooperative Association,
“Co-op Facts and Figures,” http://www.nreca.coop/members/Co-opFacts/Pages/default.aspx; Edison Electric Institute, “Industry Data,”
http://www.eei.org/whatwedo/DataAnalysis/IndustryData/Pages/default.aspx. Note that these numbers do not include investment by non-utility generators.

20 Edison Electric Institute, 2010 Financial Review, 18.
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@ Figure 2

U.S. ELECTRIC GENERATING CAPACITY BY IN-SERVICE YEAR AND FUEL TYPE
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In 2008, the Brattle Group projected that the collected U.S.
electric utility industry—IOUs, munis, and co-ops—would
need to invest capital at historic levels between 2010 and
2030 to replace aging infrastructure, deploy new
technologies, and meet future consumer needs and
government policy requirements. In all, Brattle predicted that
total industry-wide capital expenditures from 2010 to 2030
would amount to between $1.5 trillion and $2.0 trillion.2!
Assuming that the U.S. implements a policy limiting
greenhouse gas emissions, the collected utility industry may
be expected to invest at roughly the same elevated annual
rate as in the 2006-2010 period each year for 20 years.

If the U.S. utility industry adds $100 billion each year
between 2010 and 2030, the net value of utility plant
in service will grow from today’s $1.1 trillion to more
than $2.0 trillion—a doubling of net invested capital.

If the U.S. utility industry adds $100 billion each year between
2010 and 2030, the net value of utility plant in service will
grow from today’s $1.1 trillion to more than $2.0 trillion—

a doubling of net invested capital. This growth is considerably
faster than the country has seen in many decades.

To understand the seriousness of the investment challenge
facing the industry, consider the age of the existing generation
fleet. About 70 percent of U.S. electric generating capacity is
at least 30 years old (Figure 2).22 Much of this older capacity
is coal-based generation subject to significant pressure from
the Clean Air Act (CAA) because of its emissions of traditional
pollutants such as nitrous oxides, sulfur dioxides, mercury
and particulates. Moreover, following a landmark Supreme
Court ruling, the U.S. Environmental Protection Agency (EPA)
is beginning to regulate as pollutants carbon dioxide and
other greenhouse gas emissions from power plants.?® These
regulations will put even more pressure on coal plants, which
produce the most greenhouse gas emissions of any electric
generating technology. The nuclear capacity of the U.S.,
approximately 100,000 megawatts, was built mainly in the
1970s and 80s, with original licenses of 40 years. While the
lives of many nuclear plants are being extended with
additional investment, some of these plants will face
retirement within the next two decades.

21 Chupka et al., Transforming America’s Power Industry, vi. Brattle’s investment estimates apply to the entire U.S. electric utility industry, including I0Us, electric cooperatives and government-owned
utilities. The range in Brattle’s investment estimate is due to its varying assumptions about U.S. climate policy enactment.

22 U.S. Energy Information Administration, “Today in Energy: Age of electric power generators varies widely,” June 16, 2011, http://www.eia.gov/todayinenergy/detail.cfm?id=1830.

23 U.S. Supreme Court, Massachusetts v. Environmental Protection Agency, 549 U.S. 497 (2007), http://www.supremecourt.gov/opinions/06pdf/05-1120.pdf.

I. CONTEXT: INCREASING CAPITAL INVESTMENT BY U.S. ELECTRIC UTILITIES AMID HISTORIC UNCERTAINTY AND RISK

o
15
v



@ Figure 3
PROJECTED GENERATION CAPEX BY REGION
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Figure 3 shows the Brattle Group’s investment projections for
new generating capacity for different U.S. regions,?* while
Figure 4 predicts capacity additions for selected U.S. states.
Importantly, the Brattle Group noted that some of this
investment in new power plants could be avoided if regulators
and utilities pursued maximum levels of energy efficiency.

DRIVERS OF UTILITY INVESTMENT

Technological change, market pressures and policy imperatives
are driving these historic levels of utility investment. As we will
see, these same forces are interacting to create unprecedented
uncertainty, risk and complexity for utilities and regulators.
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@ Figure 4
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Texas 23,400 22%
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New York 5,400 14%
Colorado 2,500 18%

Here are eight factors driving the large investment
requirements:

KB THE NEED TO REPLACE AGING GENERATING UNITS. As
mentioned earlier, the average U.S. generating plant
is more than 30 years old. Many plants, including base
load coal and nuclear plants, are reaching the end of
their lives, necessitating either life-extending investments
or replacement.

3 ENVIRONMENTAL REQUIREMENTS. Today’s Clean Air Act
(CAA) traces its lineage to a series of federal laws dating
back to 1955. Until recent years, the CAA has enjoyed
broad bipartisan support as it steadily tightened controls
on emissions from U.S. electric power plants. These
actions were taken to achieve science-based health
improvements for people and the human habitat. While
the current set of EPA rules enforcing the CAA has
elicited political resistance, it is unlikely that the five-
decade long movement in the United States to reduce
acid rain, smog, ground ozone, particulates and mercury,
among other toxic pollutants, will be derailed. Owners of
many fossil-fueled plants will be forced to decide whether
to make significant capital investments to clean up
emissions and manage available water, or shutter the
plants. Since the capacity is needed to serve consumers’
demand for power (or “load”), these clean air and clean
water policies will stimulate the need for new construction.

24 Chupka et al., Transforming America’s Power Industry, x. Brattle’s Prism RAP Scenario “assumes there is a new federal policy to constrain carbon emissions, and captures the cost of EPRI’s [Electric
Power Research Institute] Prism Analysis projections for generation investments (nuclear, advanced coal, renewables, etc.) that will reduce the growth in carbon emissions. This scenario further
assumes the implementation of RAP [realistically achievable potentiall EE/DR programs” (ibid., vi). Brattle used EPRI’s original Prism analysis, published in September 2007; that document and
subsequent updates are available online at http://my.epri.com/portal/server.pt?open=512&0bjlD=216&&PagelD=229721&mode=2.

25  State capacity addition predictions are based on Brattle’s regional projections and assume that new capital expenditures will be made in proportion to existing investment levels.

26  State generating capacity data: U.S. Energy Information Administration, “State Electricity Profiles,” January 30, 2012, http://www.eia.gov/electricity/state/. Percentage is rounded to the nearest whole number.
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El NEW TRANSMISSION LINES AND UPGRADES. Utility
investment in transmission facilities slowed significantly
from 1975 to 1998.%7 In recent years, especially after the
creation of deregulated generation markets in about half
of the U.S., it has become clear that the transmission
deficit will have to be filled. Adding to the need for more
transmission investment is the construction of wind, solar
and geothermal generation resources, far from customers
in areas with little or no existing generation or transmission.
Regional transmission planning groups have formed
across the country to coordinate the expected push for
new transmission capacity.

3 NETWORK MODERNIZATION/SMART GRID. The internet is
coming to the electric power industry. From synchrophasors
on the transmission system (which enable system-wide
data measurement in real time), to automated substations;
from smart meters, smart appliances, to new customer
web-based energy management, investments to
“smarten” the grid are fundamentally changing the way
electricity is delivered and used. While much of today’s
activity results from “push” by utilities and regulators,
many observers think a “pull” will evolve as consumers
engage more fully in managing their own energy use.
Additionally, “hardening” the grid against disasters and to
enhance national security will drive further investment in
distribution infrastructure.

E3 HIGHER PRICES FOR CONSTRUCTION MATERIALS. Concrete
and steel are now priced in a world market. The demand
from developing nations is pushing up the cost of materials
needed to build power plants and transmission and
distribution facilities.

3 DEMAND GROWTH. Overall U.S. demand for electric power
has slowed with the recent economic recession and is
projected to grow minimally in the intermediate term
(though some areas, like the U.S. Southwest and
Southeast, still project moderate growth). Further, the
expected shift toward electric vehicles has the potential
to reshape utility load curves, expanding the amount of
energy needed in off-peak hours.

DEPLOYING NEW TECHNOLOGIES AND SUPPORTING R&D.
To meet future environmental requirements, especially
steep reductions of greenhouse gas emissions by 2050,
utilities will need to develop and deploy new technologies
at many points in the grid. Either directly or indirectly,
utilities will be involved in funding for R&D on carbon
capture and storage, new renewable and efficiency
technologies, and electric storage.
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] NATURAL GAS PRICE OUTLOOK. Natural gas prices have
fallen sharply as estimates of U.S. natural gas reserves
jumped with the development of drilling technologies that
can economically recover gas from shale formations.
Longer-term price estimates have also dropped, inducing
many utilities to consider replacing aging coal units with
new gas-fired units. But in January 2012, the U.S. Energy
Information Administration (EIA) sharply revised downward
its estimates of U.S. shale gas reserves by more than 40
percent and its estimates of shale gas from the Marcellus
region by two-thirds.?® Reduced long-term supplies and
a significant commitment to natural gas for new electric
generation could obviously lead to upward pressure on
natural gas prices.

FINANCIAL IMPLICATIONS

The credit quality and financial flexibility of U.S. investor-
owned electric utilities has declined over the past 40 years,
and especially over the last decade (Figure 5, p. 18).° The
industry’s financial position today is materially weaker than
it was during the last major “build cycle” that was led by
vertically-integrated utilities, in the 1970s and 80s. Then the
vast majority of IOUs had credit ratings of “A” or higher;
today the average credit rating has fallen to “BBB.”

While it is rare for utilities to experience multiple
notch downgrades in a short period of time, the
0 heightened event risk inherent in the approaching
sizable capital spending cycle could cause the rating
agencies to pursue more aggressive rating actions.

This erosion of credit quality is mainly the result of intentional
decisions by regulators and utility managements, who
determined that maintaining an “A” or “AA” balance sheet
wasn't worth the additional cost.3® And while there isn’t reason
to believe that most utilities’ capital markets access will
become significantly constrained in the near future, the fact
remains that more than a quarter of companies in the sector
are now one notch above non-investment grade status (also
called “Non-IG,” “high yield” or “junk”), and nearly half of the
companies in the sector are rated only two or three notches
above this threshold.3! While it is rare for utilities to experience
multiple notch downgrades in a short period of time, the
heightened event risk inherent in the approaching sizable
capital spending cycle could cause the rating agencies to
pursue more aggressive rating actions. Dropping below

27  Edison Electric Institute, EEI Survey of Transmission Investment (Washington DC: Edison Electric Institute, 2005), 3, http://www.eei.org/ourissues/ElectricityTransmission/Documents/Trans_Survey_Web.pdf.
28 U.S. Energy Information Administration, AEO2012 Early Release Overview (Washington DC: U.S. Energy Information Administration, 2012), 9, http://www.eia.gov/forecasts/aeo/er/pdf/0383er(2012).pdf.

29 Source: Standard & Poor’s Ratings Service.

30 The difference in the interest rate on an “A” rated utility and BBB is on average over time rarely more than 100 basis points. By contrast, equity financing typically costs a utility at least 200 basis

points more than debt financing.

31 Companies in the sector include I0Us, utility holding companies and non-regulated affiliates.
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@ Figure 5
U.S. ELECTRIC 10Us CREDIT RATINGS HISTORY, 1970 — 2010
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investment grade (or “IG”) triggers a marked rise in interest
rates for debt issuers and a marked drop in demand from
institutional investors, who are largely prohibited from investing

in junk bonds under the investment criteria set by their boards.

According to a Standard & Poor’s analyst, utilities’ capital
expenditure programs will invariably cause them to become
increasingly cash flow negative, pressuring company balance
sheets, financial metrics and credit ratings: “In other words,
utilities will be entering the capital markets for substantial
amounts of both debt and equity to support their infrastructure
investments as operating cash flows will not come close to
satisfying these infrastructure needs.”3 Specific utilities that
S&P has identified as particularly challenged are companies—
such as Ameren, Dominion, FirstEnergy, and PPL—that have
both regulated and merchant generation businesses and must
rely on market pricing to recover environmental capital
expenditures for their merchant fleets.33

Appendix 1 of this report presents an overview of utility finance.

While the growth of rate base presents an earnings
opportunity for regulated utilities and their investors,

Q the corresponding increase in customer hills could
greatly exacerhate the political and regulatory risks
that threaten utilities’ cost recovery.

CUSTOMER IMPACTS

The surge in 10U capital investment will translate directly into
higher electric rates paid by consumers. Increased capital
investment means higher annual depreciation expenses as
firms seek to recover their investment. Greater levels of
investment mean higher revenue requirements calculated to
yield a return on the investment. And since electric sales may
not grow much or at all during the coming two decades, it is
likely that unit prices for electricity will rise sharply.

While the growth of rate base presents an earnings opportunity
for regulated utilities and their investors, the corresponding
increase in customer bills could greatly exacerbate the political
and regulatory risks that threaten utilities’ cost recovery. The
rating agency Moody'’s Investors Service has noted that
“consumer tolerance to rising rates is a primary concern”3*
and has identified political and regulatory risks as key longer-
term challenges facing the sector.®®

Further, Moody’s anticipates an “inflection point” where
consumers revolt as electricity bills consume a greater share
of disposable income (Figure 6, p. 19),% pressuring
legislators and regulators to withhold from utilities the
recovery of even prudently incurred expenses.

32 Cortright, “Testimony.”

33 Standard & Poor's, The Top 10 Investor Questions for U.S. Regulated Electric Utilities in 2012 (New York: Standard & Poor’s, 2012).
34 Moody's Investors Service, Industry Outlook: Annual Outlook (New York: Moody's Investors Service, 2011).

35 Moody’s Investors Service, Industry Outlook: Annual Outlook (New York: Moody's Investors Service, 2010).

36 Moody's, Special Comment: The 21 Century Electric Utility, 12.
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@ Figure 6
MOODY’S PROJECTED “INFLECTION POINT” OF CONSUMER INTOLERANCE FOR RISING ELECTRICITY BILLS
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THE IMPORTANCE OF REGULATORS

With this background, the challenge becomes clear: how to
ensure that the large level of capital invested by utilities over
the next two decades is deployed wisely? How to give U.S.
ratepayers, taxpayers and investors the assurance that

$2 trillion will be spent in the best manner possible? There
are two parts to the answer: effective regulators and the right
incentives for utilities.

If history is a guide, fewer than 700 state regulators will

serve in office during the next 20 years. Each regulator will,
on average, vote to approve more than $6.5 billion of utility
capital investment during his or her term.%’ It is essential that
regulators understand the risks involved in resource
selection, correct for the biases facing utility regulation and
keep in mind the impact their decisions will have on
consumers and society.

Are U.S. regulatory institutions prepared? Consumers,
lawmakers and the financial markets are counting on it.
The authors are confident that well-informed, focused state
regulators are up to the task. But energy regulation in the
coming decades will be quite different from much of its
history. The 21t century regulator must be willing to look
outside the boundaries established by regulatory tradition.
Effective regulators must be informed, active, consistent,
curious and often courageous.

This report focuses on techniques to address the risk
associated with utility resource selection. It provides
regulators with some tools needed to understand, identify
and minimize the risks inherent in the industry’s investment
challenge. In short, we hope to help regulators become more
“risk-aware.”

&

If history is a guide, fewer than 700 state
regulators will serve in office during the next

20 years. Each regulator will, on average, vote

to approve more than $6.5 billion of utility capital
investment during his or her term.

37 In 2012, the median number of years served by a state regulator was 3.7 years; see Janice A. Beecher, Ph.D., IPU Research Note: Commissioner Demographics 2012 (East Lansing, MI: Michigan
State University, 2012), http://ipu.msu.edu/research/pdfs/IPU-Commissioner-Demographics-2012.pdf.
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2. CHALLENGES

TO EFFECTIVE REGULATION

THE CHALLENGE FOR U.S. ELECTRIC UTILITIES IS TO RAISE, SPEND AND RECOVER A HISTORIC
AMOUNT OF CAPITAL DURING A PERIOD OF UNPRECEDENTED UNCERTAINTY. THE CHALLENGE FOR
STATE REGULATORS IS TO DO EVERYTHING POSSIBLE TO ENSURE THAT UTILITIES” INVESTMENTS
ARE MADE WISELY. TO DO THIS EFFECTIVELY, REGULATORS WILL NEED TO BE ESPECIALLY
ATTENTIVE TO TWO AREAS: IDENTIFYING AND ADDRESSING RISK, AND OVERCOMING REGULATORY

BIASES. THIS SECTION DISCUSSES RISK AND BIAS IN MORE DETAIL.

RISK INHERENT IN
UTILITY RESOURCE SELECTION

Risk arises when there is potential harm from an adverse
event that can occur with some degree of probability. Risk
accumulates from multiple sources. In mathematical terms:

Risk = X i Event; x (Probability of Event;)

for a situation in which a set of independent events will
cause a loss with some probability. In English, this means
that risk is the sum of each possible loss times the probability
of that loss, assuming the events are independent of each
other. If a financial instrument valued at $100 million would
be worth $60 million in bankruptcy, and the probability of
bankruptcy is 2 percent, then the bankruptcy risk associated
with that instrument is said to be ($100 million - $60 million)
x 2%, or $800,000. Thus, risk is the expected value of a
potential loss. There is an obvious tie to insurance premiums;
leaving aside transaction costs and the time value of money,
an investor would be willing to pay up to $800,000 to insure
against the potential bankruptcy loss just described.

Higher risk for a resource or portfolio means a larger expected
value of a potential loss. In other words, higher risk means
that more value is at stake or that the likelihood of a financial
loss is greater, or both.

Uncertainty is similar to risk in that it describes a situation
where a deviation from the expected can occur, but it differs
in two respects. First, the probability of the unexpected event
cannot feasibly be determined with any precision. Consider
the potential of much higher costs for natural gas used as

a generation resource for an electric utility. Such an outcome
is certainly possible (and perhaps even likely, given the
potential for an increased rate of construction of new natural
gas generation). But the likelihood and scope of such a
change would be difficult to assess in terms of mathematical
probabilities. Second, unlike risk, uncertainty can result in

~

The Historical Basis for Utility Regulation

Utilities aren't like other private sector businesses. Their
services are essential in today’s world, and society expects
utilities to set up costly infrastructure networks supported
by revenue from electric rates and to serve everyone
without discrimination. Because of their special attributes,
we say that investor-owned utilities are private companies
that are “affected with the public interest.” Indeed, this is
often the statutory definition of utilities in state law.

Utility infrastructure networks include very long-lived
assets. Power plants and transmission lines are designed
to last decades; some U.S. transmission facilities are
approaching 100 years old. The high cost of market entry
makes competition impractical, uneconomic or impossible
in many sectors of these markets. And because society
requires universal service, it made economic sense to
grant monopoly status to the owners of these essential
facilities and then to regulate them.

State regulatory utility commissioners began administering
a system of oversight for utilities at about the turn of the 20th
century, filling a role that had previously been accorded to
state legislatures. Regulatory commissions were tasked with
creating a stable business environment for investment while
assuring that customers would be treated “justly and
reasonably” by monopoly utilities. Then as now, consumers
wanted good utility services and didn’t want to pay too
much for them. Rules for accounting were supplemented
by regulatory expectations, which were then followed by a
body of precedents associated with cost recovery.

Because the sector’'s complexity and risks have evolved
considerably since many regulatory precedents were
established, today’s regulators are well-advised to “think
outside the box” and consider reforming past precedent
where appropriate. The last section of this report,
“Practicing Risk-Aware Regulation,” contains specific
ideas and recommendations in this regard.

N J
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@ Figure 7

VARIETIES OF RISK FOR UTILITY RESOURCE INVESTMENT

Cost-related Time-related

» Construction costs higher than anticipated » Construction delays occur

» Availability and cost of capital underestimated » Competitive pressures; market changes

» Operation costs higher than anticipated » Environmental rules change

» Fuel costs exceed original estimates, or alternative fuel costs drop » Load grows less than expected; excess capacity
» Investment so large that it threatens a firm » Better supply options materialize

» Imprudent management practices occur » Catastrophic loss of plant occurs

» Resource constraints (e.g., water) » Auxiliary resources (e.g., transmission) delayed
» Rate shock: regulators won't put costs into rates » Other government policy and fiscal changes

either upside or downside changes. As we will see later,
uncertainty should be identified, modeled and treated much
like risk when considering utility resource selection. In this
report we will focus on risk and the negative aspect of
uncertainty, and we will simplify by using the term “risk” to
apply to both concepts.

The risks associated with utility resource selection are many
and varied and arise from many possible events, as shown in
Figure 7. There are several ways to classify these risks. One
helpful distinction is made between cost-related risks and
time-related risks.

Cost risks reflect the possibility that an investment will not
cost what one expects, or that cost recovery for the
investment will differ from expectations. Construction costs
for a project can increase between regulatory approval and
project completion. Transmission projects are notorious for
this phenomenon due to unexpected obstacles in siting,
or to unexpected changes in raw material costs.

Costs can change unexpectedly at any time. For example,

a catastrophic equipment failure or the adoption of a new
standard for pollution control could present unforeseen costs
that a utility may not be willing to pay to keep an asset
operating. Planned-for cost recovery can be disrupted by
changes in costs for which regulators are unwilling to burden
customers, or for other reasons. If an asset becomes
obsolete, useless or uneconomic before the end of its
predicted economic life, a regulator could find that it is no
longer “used and useful” to consumers and remove it from
the utility rate base. In these ways, decisions made by
utilities and their regulators may turn out to be much more
costly than initially expected. For this reason, it is especially
important that regulators and utilities consider a full range of
options and resources at the time a major investment
decision is made.

Time risks reflect the possibility that circumstances will
change over the life of the investment and materially affect
both the cost of the investment and the degree to which it

benefits consumers. Sometimes this risk can manifest itself
even between the time a utility makes a decision and the
time approval is sought. For example, anticipated load
growth may not materialize, so that a planned generation
resource is not needed, at least not now.

Time risks also reflect the fact that, for some investments,
some essential condition may not occur on a schedule
necessary for the investment to be approved and
constructed. Consider the dilemma of the developer who
wishes to build a low cost wind farm in an area with weak
electric transmission. The wind project might require three
to four years to build, but the transmission capacity needed
to move the power to market may take five to seven years to
build—if the development goes relatively smoothly. Investors
may forego the wind farm due to uncertainty that the
transmission will be built, while at the same time the
transmission might not be built because, without the wind
farm, it is simply too speculative.

Decisions made by utilities and their regulators
may turn out to be much more costly than initially
expected. For this reason, it is especially important
that regulators and utilities consider a full range

of options and resources at the time a major
investment decision is made.

In the power sector, investments are so long-lived that time
can be measured in generations. Generally speaking,
regulators consider it most fair if the generation of consumers
that uses an asset is the same one that pays for the asset.
Burdening customers before or after an asset is useful is
often seen as violating the “just and reasonable” standard.
The challenge to the utility, therefore, is to fit cost recovery
for an asset into the timeframe in which it is used. Otherwise,
the utility may bear the risk that regulators or consumers
push back on assuming responsibility for the cost.

A
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Perspectives on Risk

Risk means different things to different stakeholders.
For example:

e For utility management, risks are a threat to the company’s
financial health, its growth, even its existence; a threat to the
firm’s competitiveness, to the firm's image, and to its legacy.

e For customers, risk threatens household disposable
income, the profitability of businesses, the quality of
energy service, and even comfort and entertainment.

e |nvestors focus on the safety of the income, value of the
investment (stock or bond holders), or performance of the

~

contract (counterparties). In addition, investors value utility
investments based on their expectations of performance.

e Employees are uniquely connected to the utility. Their
employment, safety and welfare is directly related to their
company’s ability to succeed and to avoid financial
catastrophes.

e Society generally has expectations for utilities ranging from
providing reliable, universal service, to aiding in economic
development, to achieving satisfactory environmental and
safety performance. Risk threatens these goals.

J

ELECTRICITY MARKET
STRUCTURE AND RISK

Much has changed since non-utility power producers led the
most recent industry build cycle in the 1990s and early
2000s. To begin with, financial reforms from Sarbanes-Oxley
legislation, other “Enron fixes,” and now the Dodd-Frank Act
have substantially changed some accounting and corporate
disclosure rules. Investors now receive more detailed and
transparent information about asset value (which is “marked
to market”) and possible risks in contracts with counter-parties.

These changes, which protect investors, may have the
associated effect of discouraging investments if cumulative
risks are judged to be outsized for the circumstances. This is
especially relevant for markets served by the competitive
generation system that now supplies power to about half of
U.S. consumers. It is unclear whether independent generators
have the tolerance to take on large, risky investments;
experience indicates that there is a frontier beyond which
these companies and their backers may not go.

This dynamic could raise important questions for regulators
in restructured markets, who need to be aware of the degree
to which investment options might be limited by these
concerns. In vertically-integrated markets, regulators’
concern should be not to expose utilities, customers and
investors to undue risk by approving large projects that
informed market players would not pursue in the absence
of regulatory approval.

One potentially risky but necessary area of investment is in
low carbon generation technologies. The U.S. power sector,
which has embraced generation competition, is required to
develop these technologies. Some promising technologies—
including coal-fired generation with carbon capture and
storage or sequestration (CCS), advanced nuclear power
technologies and offshore wind—have not reached a
commercial stage or become available at a commercial price.

Risks requiring special attention are those associated with
investments that “bet the company” on their success.
Gigawatt-sized investments in any generation technology
may trigger this concern, as can a thousand-mile extra high
voltage transmission line. Any investment measured in
billions of dollars can be proportionately out of scale with
what a utility can endure if things go awry. Regulators should
avoid a situation where the only choices left are a utility
bankruptcy or a waiving of regulatory principles on prudence
and cost recovery in order to save the utility, placing a
necessary but unreasonable cost burden on consumers.

REGULATORS, RATING
AGENCIES AND RISK

Investor-owned utilities sometimes attempt to get out in front of
the event risk inherent in large investment projects by seeking
pre-approval or automatic rate increase mechanisms. As
discussed later, these approaches don't actually reduce risk,
but instead shift it to consumers. This may give companies and
investors a false sense of security and induce them to take on
excessive risk. In the long run this could prove problematic for
investors; large projects can trigger correspondingly large rate
increases years later, when regulators may not be as invested
in the initial deal or as willing to burden consumers with the
full rate increase.

Given the influence of regulators on the operations and finances
of 10Us, ratings agencies and investors closely monitor the
interactions between utility executives and regulators.
Constructive relationships between management and regulators
are viewed as credit positive; less-than-constructive
relationships, which can result from regulators’ concerns about
the competence or integrity of utility management, are seen
as a credit negative and harmful to a utility’s business prospects.

Analysts define a constructive regulatory climate as one that
is likely to produce s